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summARY Source rock evaluation on cuttings from well 30/7-3 is reported.
The analyses used for the source rock evaluation were the following:
Total Organic Carbon, (TOC), CR/CT ratio, Vitrinite Reflectance, Extract-
able Organic Matter, (EOM), Liquid Chromatographic Separation and Gas
Chromatographic determination of saturated hydrocarbons.

The different analyses show that there is very little organic matter in
the samples, apart from the interval from 3700 m - 3890 m, where an 0il
show is found. Vitrinite reflectance shows extended reworked material,
especially towards the base of the well.

The different analyses suggestkthat the hydrocarbon generation zone must
1ie below the total depth of the well. ‘
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The samples for analysis were cuttings from different depths. The
cuttings together with the drilling mud were canned on the rig and
arrived in Trondheim for analysis 22nd Nov. 1976. With the samples
were also canned samples of mud and the information that diesel oil
had been added to the mud from the depth of 2420 m.



b 1

&

ten

INDEX
INTRODUCTION. oo e v eeceososnooosacssansessnnssasnssosssass 4
Total Organic Carbon (TOC):.....viveeinnrrnnnrnnennenns )
CR/CT ratior.ceeeeeeeeeenseeeeorseenncascseecannneansees 5
Vitrinite Reflectance:...cveerveneracsensecacnnsacanenee 7
Extractable Organic Matter (EOM):........ovuvevnnnennns 9
Hydrocarbon Content 2% P R R 1N
Normal Paraffin Distribution:......cccvveevcnninrecnnns 12
Carbon Prefferance Index (CPI):.....oiiceniiiinennanncnnsn 13
EXPERIMENTAL S .ot e eveeenncossonnoeansossaosonanssnsens 16
TOC aNd CR/CT . e veeeeeneosconnnsennsonsonssssnnnossnnenes 16
EOM and Liquid Chromatographic Separation:.............. 16
Carbon Preferance Index (CPI):...cveiiinoneneenanienenns 16
Vitrinite ReflectanCe:...covivireencrcsrenneneaancasanen 17
Extraction of drilling mud:. ..o inininiinnnaenoncarene 17
|RFSULTS AND DISCUSSION: .. veviieeoeaensasssscnsesnnssnns 18
Total Organic carbon (TOC):...vuveeeinneeinnninrnnnnenns '8
CR/CT ratioi.eeeeseeeneonnssessenenranonsccecenenorsones 18
Vitrinite Reflectance:.cvviierneereenenereoannsascnacnns 19
Extractable Organic Matter (EOM)........ccevvevvneennne 20
Normal Paraffin Distribution and CPI values:............ 21
TSOPren0ids: .ucereenereeeneennnnneencnnrareonnnanenrene: 22
CONCLUSTION: .+ et eveveenennosonsasosenssonsosanaanssasnnss 23
COMMENTS TO THE DIFFERENT ANALYSES:......ccvivevnnennnn. 24
Table IV, Total Organic Carbon (TOC) and Carbon
Residue/Total Organic Carbon (CR/CT):........ 26
Table V. Extractable Organic Matter (EOM), Liquid
Chromatographic Separation, CPI and
pristane/phytane ratio:.........ccceveeennn 28

Table VI. EOM, Saturates and HC as a function of TOC.. 31

Table VII. Vitrinite reflectance......ccovvuvenereennns 33
Fig. 5 Details of vitrinite reflectance:........... 35
Fig. 6-14 GC chromatograms:........c.cceevceennnnnesenns 61

Fig.15-16 Variation of TOC, CR/CT, Vitrinite reflectance,
EOM, HC, Saturates, n-alkane distribution
and CPI with depth:...oovieiiiniiniienenenn 70

REFERENCES: ..ottt ittt iineenctsscroacaons 72

60
69

71

73



(1Y

INTRODUCT ION

In the last decade our understanding of the processes of petroleum
genesis has increased considerably. This has largely resulted from the
advent of modern analytical techniques which have made possible the
analysis of small quantities of organic matter in sediments. Also it is
now appreciated that new techniques must be used if 0il deposits located
in difficult geological situations are to be found.

Philippi (1965) made a detailed study of the genesis of hydrocarbons in
the Ventura and Los Angeles Basins of California. He found that the
generation of hydrocarbons could be related to geothermal gradient and
depth of burial. Similar conclusions have since been reached by a number
of workers (e.g. Albrecht and Ourisson, 1969; Tissot et al, 1971). In
addition laboratory studies have demonstrated the feasibility of gene-
rating hydrocarbons at the relatively low temperatures found in sedi-
mentary sequences (e.g. Hoering and Abelson, 1963; Douglas et al, 1970).

In recent years interest has shifted to the development of techniques
which could be used to define the degree of diagenesis of organic matter
in sedimentary rocks and hence the zones of petroleum diagenesis. Para-
meters which have been used include coal rank or reflectance (Shibaoka
et al 1973), spore colour (Staplin, 1969), cuttings gas analysis (Evans
and Staplin, 1971; Le Tran, 1976) kerogen composition (MclIver, 1967,
Tissot et al 1971 and 1974) and, of course the nature of the sedimentary
hydrocarbons themselves (Philippi 1965). In the following we will give a
more detailed introduction to the types of analyses used in this work.

TOTAL ORGANIC CARBON (TOC)

The first requirement for generating oil or gas within a sedimentary
basin is the presence of sufficient raw material in the form of sedi-
mentary organic material. Under the most favorable conditions only about
10% of the organic matter in a sediment is converted to a soluble form.
Since no more than 25% of this migrates from its point of origin,

values of the present organic content of a sediment provide a good
approximation of the amount of organic content initially available as
source material for petroleum (Hunt and Jamieson 1956).



The concentration of TOC essential for petroleum generation in a non-
reservoir rock is not well defined and probably varies from basin to
basin. Nixon (1973) described the occurrence of sourceQbed properties of
the Mowry Shale in relationship to the occurrence of 0il reservoirs
associated with the Mowry. The 0il fields occur in areas where TOC is
greater than 2% and often greater than 3%. Philippi (1965), in his study
of the origin of Tertiary oils in California, found the average TOC
value in the source rocks of the Los Angeles Basin to be 2.9% and of the
Ventura Basin to be 2.1%. Baker (1962), in his study of the relationship
of source-rocks and reservoirs in the Cherokee Group, found that in the
Burbank Shale source-rock interval, TOC averaged 2.0%.

The minimum concentration of TOC which is essential for a non-reservoir
formation to function as a source-rock is not known and is subject to
interpretation for each case. Clearly the higher the concentration of
non-structured marine organic matter the better the source-rock poten-
tial. Minimum TOC Timits generally accepted as essential for a source-
rock are 0.5% for shales and 0.2% for carbonates. Samples containing
less TOC generally are not considered as source-rocks and further
chemical analyses are not performed. Optical determination of maximum
paleotemperature and possibly of organic kerogen type may, however, be
of value.

CR/CT RATIO

It has frequently been shown that the diagenetic evolution of organic
sedimentary material takes place by the formation of bitumen at the
expense of kerogen (Philippi 1965; Welte 1966; Louis and Tissot 1967;
Tissot, et. al. 1973). The production of bitumen is limited by the fact
that, bitumen being richer in hydrogen than is kerogen, the latter must
become prograssively carbon-enriched (cf graphitisation). It is there-
fore possible to form an idea of the degree of evolution of the kerogen
by measuring the amount of bitumen it can still produce before ;eaching
the graphitic stage.
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Gransch and Eisma (1966) have with this reaction in mind, introduced the
parameter CR/CT. By thermal treatment under standard conditions, they
produced,from a sample of which the organic carbon content was known
(CT), the maximum amount of bitumen which was removed by a flow of inert

" gas. In the sample remained a carbonaceous residue (CR) which is propor-

tionally greater as the organic material is more evolved.

The ratio CR/CT is thus a measure of the degree of diagenetic evolution
of the kerogen.

The determination of the CR/CT ratio is an empirical method. It is
possible that it is influenced by inorganic matter. However, Gransch and
Eisma (1966) showed that correspondence between the CR/CT ratios of
coaly sediments and associated coal seams, and between CR/CT ratio and
reflectance of vitrinite particles of some Liassic sediments, and the
relation between CR/CT ratios and environment of Liassic sediments all
indicate that the CR/CT ratios reflect properties that are inherent in
the insoluble organic matter itself. The CR/CT ratio is concerned with
the total insoluble organic matter in contrast to rank determinations
such as translucency of pollen (Gutjahr, 1966) and reflectance of vitri-
nite particles (Teichmiiller, 1958). Like the volatile matter and fixed
carbon contents of coals it can only be used to indicate the temperature
history if the insoluble organic matter represents one type i.e. either -
favourable (with respect to the generation of hydrocarbons) or unfavour-
able (e.g. humic coaly) matter.

The CR/CT ratio, however, has in many cases been used to indicate diffe-
rences in the type of organic matter, If the CR/CT ratio is below 0.6 it
indicates organic matter favourable to the generation of hydrocarbons.
If samples of various sediment layers of one section are compared, the
unfavourable organic matter (CR/CT ratio 0.6-0.8) can be distinguished
from favourable. (Granch and Eisma, 1966). Generally, however, when the
CR/CT ratio is above 0.6, rank determinations are necessary for the
distinction between favourable and unfavourable organic matter..

In conclusion, for the interpretation of the CR/CT ratio three cases
have to be distinguished:
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1. The organic matter occurring in different sediments has attained
the same degree of diagenesis; differences in the CR/CT ratios here
represent different types of organic matter.

2. The organic matter occurring in different sediments is of the same
type; differences in the CR/CT ratio here represent different
degrees of diagenesis.

3. The organic matter occurring in different sediments represents
different types and different degrees of diagenesis. Other para-
meters have to be used to establish the degree of diagenesis. When
sporomorphes are present, transluscency measurements can be applied,
or when vitrinite particles can be detected their reflection can be
used.

VITRINITE REFLECTANCE

For many years coal petrographers have determined the extent of meta-
morphism of coal by determining the fraction of incident 1ight reflected
from a polished surface of the coal. The numerical value of the reflec-
tance has been calibrated in terms of the degree of metamorphism, which
in turn is determined by the time-temperature history of the sample. The
same technique can be applied to the small fragments of organic matter
which are dispersed in most geological samples. Vitrinite reflectance
then, provides a method for determining the time-temperature history of
geological formations, and thus can be used as a tool in petroleum
exploration for determining the effects of organic metamorphism, i.e.,
the thermal maturity of the sediments being examined. ,
As can be seen in Fig. 1, the transition from immature to mature sedi-
ments with a temperature history adequate for oil generation is gene-
rally thought to occur at a temperature of about 150°F, which corre-
sponds to a Reflectance Value (Ro) of 0.6. If reflectance values, are
below 0.6, the generation of 0il within that formation is unlikely. On
the other hand, if the temperature has been above about 350°F (R0 =
1.3), any 0il initially generated would have undergone thermal cracking,
and gas not oil, would be the expected hydrocarbon product.
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FIGURE 1

If the temperature had been such that the reflectance of the dis-
persed organic matter had increased to a value greater than 3.0,

even the gas would have been degraded, and graphite would be the

major carbon-containing product.

It has been generally recognized that a lower temperature for a
long period of time could bring about the same change as a higher
temperature over a short period of time. In fact Connan (1974)
showed that the time required for petroleum generation (realization
of an RO = 0.6) can be represented as a function of the threshold

temperature as follows:

log t = 3,014 x ;- - 6.498 )
where t = time in 106 years
T = temperature in %
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Even though the "temperature" measured by vitrinite reflectance actually
results from a combined effect of time and temperature, temperature
still is the predominate factor because the rate of chemical reactions
approximately doubles with each 10°C increase in temperature. Since in
the evaluation of a formation as a source-rock, the degree of organic
transformation is the factor of interest, vitrinite reflectance is
useful because it provides a measure of the degree of transformation
regardless of the cause.

By measuring several values in a well, a paleotemperature profile can be
constructed. By assuming the same reflectance gradient, the profile can
be extrapolated below the lowest level actually sampled and probable
depth intervals appropriate for 0il generation and for preservation of
gas as the only hydrocarbon can be estimated. In addition, a maximum
feasible depth for drilling within a basin can be calculated. For basin
survey purposes, where data from many wells are available, extrapola-
tions based on as few as two points per well can provide useful infor-
mation if both formations are well characterized.

EXTRACTABLE ORGANIC MATTER (EOM)

It is generally believed (Philippi, 1965; Nixon 1973) that no more than
25% of the petroleum formed in a source-rock migrates from it, and a
source-rock can therefore be recognized by the petroleum left behind.
The tacit assumption is made that migration of oil from a source-rock
occurs only after the oil has been formed in a suitably high temperature
regime, i.e., migration occurs late. Optical techniques for source-rock
evaluation such as vitrinite reflectance, spore coloration and visual
kerogen-type analysis indicate whether the conditions have been suitable
for 0il1 generation; whereas, the chemical techniques show whether oil
actually has been generated.

Because determination of the amount and type of residual petroleum-like
material provides the basis for direct source-rock determinat?én, any
petroleum product introduced to the cuttings during drilling can inter-
fere with the determination. It is therefore important that samples of
the drilling mud and any organic additive to the mud are provided along
with the cuttings or core samples. Where it is possible, core samples or
side wall cores should be used.
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The bitumen extracted from sediments is often referred to as Extractable
Organic Matter (EOM). The succession of organic matter from the time of
deposition in a recent sediment to conversion to petroleum may be repre-
sented as follows:

Biopolymers - Biomonomers - Geopolymers - Geomonomers

The organic matter of living and recently dead organic systems consists
of biopolymers. Biopolymers are degraded, primarily by hydrolysis, to
biomonomers such as individual fatty acids and aminoacids. These bio-
monomers polymerize to geopolymers (kerogen) which then, upon being
heated, decompose in part to geomonomers (petroleum-like hydrocarbons).
Both biomonomers and geomonomers as well as heavier asphalt-like mole-
cules are extractable; therefore, the presence of significant quantities
of EOM are necessary but not sufficient for identification of a sediment
as a source-rock.

It has been usual to give the EOM as ppm of whole rock (Nixon 1973;
Philippi 1965) but lately authors have started to give the EOM as mg/g
TOC. (Powell 1975; Albreckt et al 1976). An arbitrary classification
based on the first system is given in Table I.

TABLE I

Classification based on EOM

EOM (ppm of whole rock) Classification
200 Poor
200 - 1000 Adequate

1000 Rich

In his study of the Mowry, Nixon (1973) found values of EOM above 750
ppm and in many cases above 1000 ppm in the areas where the Mafiry serves
as a source-rock. Powell (1975) in his study of the Dampier Sub-basin,
Western Australia, reckoned on more than 60 mg/g TOC of EOM for the
sediments to have served as a source-rock, while Albrecht et al (1976)
tended to go down to 50 mg/g TOC as their lower limit.
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HYDROCARBON CONTENT (HC)

As was mentioned in the section on EOM, the soluble bitumen may
contain biomonomers and asphaltic materjals as well as the petroleum-
like hydrocarbon fraction (geomonomers). Hydrocarbons (HC) are the
portion of the bitumen of interest; consequently, separation of that
fraction is nécessary. Adsorption chromatography is used for separa-
ting the EOM into aliphatic, aromatic, and asphaltic fractions. The
aliphatic and aromatic fractions together make up the petroleum-Tike
hydrocarbon fraction; thus, the sum of these two fractions is re-
ferred to as Hydrocarbons (HC). Since the asphaltic fraction con-
tains significant amounts of the elements Nitrogen, Sulphur and
Oxygen, it sometimes is known as the NSO fraction. A high asphaltic,
low hydrocarbon bitumen indicates an immature sediment.

Since the hydrocarbon portion of the bitumen extracted from a sedi-
ment is the petroleum-like portion, it is used as an important para-
meter in source-rock evaluation. As with EOM, the value of the HC
can be given in different ways, either as ppm of whole rock, as mg/g
TOC or as percent of EOM. Two interpretative schemes which often are
used are those given by Philippi (1957) (Table II) and Baker (1972)
(Table III).

TABLE II

Philippi Source-rock Rating

Hydrocarbons (ppm) ' Interpretation
0-50 Very poor
50 - 150 Poor
150 - 500 Fair
500 - 1000 Good
1500 - 5000 Very good ;

» 5000 Exceptional
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TABLE III

Baker Source-rock Rating

Hydrocarbons (ppm) Interpretation

0 - 50 Inadequate

50 - 1000 Coammon and Adequate
1000 - 6000 Best

Ratios of the various parameters are used for evaluating the source
potential by many geochemists. For example, Philippi (1965) states
that the HC (%)/T0C (%) ratio for a source-rock should be between

0.03 and 0.120. He assumes that the "0il" generated within a sediment
is dissolved in the kerogen and migrates through the kerogen which
acts like a wick. If the ratio is less than 0.03, the interpretation
is that very little petroleum has been generated, whereas if the ratio
is greater than 0.120 the kerogen is super-saturated indicating that
migration has not occurred for some reason.

Nixon (1973) showed that not only does EOM increase with increasing
maximum paleotemperature experienced by the formation, but the relative
HC content of the EOM also increases. Although Nixon does not assign a
critical value for HC/EOM ratio, his data suggest that in the Mowry
Shale, hydrocarbons make up 35% or more of the bitumen in sediments
which have matured to source-rock.

Powel (1975) reckoned on a minimum of 10% saturates (of EOM) in a
source-rock.

NORMAL PARAFFIN DISTRIBUTION

More conclusive data useful in source-bed evaluation can be obtained by
examining the distribution of normal paraffins within the aliphatic
fraction of the hydrocarbons. The overall shape of the distribytion
changes with the maturity of the sample. Albrecht and Ourisson (1971)
have illustrated the change by showing the results of analyses of
samples taken from 1200 m (3937 ft.) to 3450 m (11,318 ft.) in a

well in the Douala Basin of Africa (Fig. 2). In the shallowest samples,
the paraffins are in the carbon-number region characteristic of bio-
genic systems; as the samples experienced higher temperatures at great-

er depths, higher carbon number paraffins form from the breakdown
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of kerogen. Finally, at greater depths the higher carbon-number
paraffins are cracked to those of lower carbon number. Ultimately,

of course, thermal cracking of the hydrocarbons occurs, resulting

in the production of methane and residual graphite. The overall

shape of the paraffin distribution, therefore, shows the degree of
maturity of the sample and, coupled with the concentration of asphal-
tic material, allows speculation as to the maturity (gravity) of the
0il generated in the sediment.

Carbon Preference Index (CPI) ---Bray and Evans (1965) reported that

in recent sediments, as in biological systems, the normal paraffins
are predominately those with odd numbers of carbon atoms, whereas in
crude oils there is an approximately equal distribution of odd- and
even-carbon-numbered paraffins (Fig. 3). The normal paraffins extrac-
ted from shales are found to have values intermediate between recent
sediments and crude oils. A new parameter, Carbon Preference Index
(CPI), was defined as a means of quantitatively expressing the ratio
of odd- to even-carbon-numbered paraffins (Bray and Evans, 1961).

L l'l”zul | l‘lm 25!!111.
.ts I Js ;an“ l15 2U“ﬁ:?“
1875m 2645m
| | “1 [ l“hnm
15 2 15 2
l|15 zslhh“ |15’hhgg.
- =

Variation of the distribution of n-alkanes with depth in the Upper Cretaccous
sediments of the Douala Basin (Cameroon). Ordinate: Signal area; asbseissa:
number of carbon atoms.

(Albrecht and Ourisson, Angew. Chem., Int’l. Ed., 10,220 (1971))
FIGURE 2
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This number is simply the average ratio of odd-to-even carbon num-
bered normal paraffins over the molecular weight (carbon number)

range of interest.

Distribution of CPI values for recent sediments, ancient sedimepts
(shales and carbonates), and crude oils are shown in Figure 4.
Since the values for crude oils range from 0.9 to 1.15 and since
most of the petroleum generated within a sediment will still be
there, CPI values for ancient sediments which have served as source
beds should be within the range of 0.9 to 1.15.
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FIGURE 4
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EXPERIMENTAL

The samples were washed with Tukewarm water on a 0.125 mm sieve, and
dried at 35°C. The cuttings were then sieved on a 2 mm sieve and the
cuttings €2 mm were used for the source-rock analysis. The samples
from 2670 m to 3870 m contained such small amounts of cuttings < 2 mm
that it was necessary to use cuttings up to 4 mm. The chance of
having cavings in the samples is therefore greater in these samples
than the others. After sieving, the samples were handpicked to
remove any impurities before crushing and sieving. For further work,
samples with a grain size of 0.063 - 0.125 mm were used.

TOC AND CR/CT

Aliquotes of the different samples were extracted ultrasonically in
dichloromethane (DCM) for 10 min., filtered and dried in a vacuum
oven at 50°C for 3 hours. The samples were then weighed and treated
with hot 6N HC1 to remove carbonates, filtered and washed with water
and organic solvents. Then dried again as before and weighed.

The TOC was then measured on a Carlo Erba elemental analyser. (Table
IV). The CR/CT ratio was measured on an instrument developed in
Norway by IKU. (Table IV).

EOM AND LIQUID CHROMATOGRAPHIC SEPARATION

The samples that contained enough material ( > 50 g) were extracted

on soxhlet extractors for 48 h using DCM as solvent. Activated copper-
foil was used to bind any free sulphur that was extracted. The EOM
was separated on columns with 2/3 silica and 1/3 alumina using the
following sequence of solvents: Hexane, benzene and methanol (Table V).

CARBON PREFERANCE INDEX (CPI)

The hexane eluates (saturated hydrocarbon fractions)were run on gas-
chromatographs (Perkin Elmer F30 and Carlo Erba FTV 2150) using 25 m
OV101 glas capillary columns with N, as carrier gas (0.6 ml/min.) The
CPI and the pristane/phytane ratios were calculated from these chromato-
grams. (Table V).
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VITRINITE REFLECTANCE

Upon receipt, the cutting samples were soaked in warm water and
sieved thorugh 72 mesh to remove drilling mud. After oven drying
at 40° C, the cuttings were mounted in Bakelite resin blocks;
care being taken during the setting in the plastic to avoid
temperatures in excess of 100°C. The samples were then ground,
initially on a diamond lap followed by two grades of corundum
paper. Al1l grinding and subsequent polishing stages in the pre-
paration were carried out using isoprpyl alcohol as lubricant
since water leads to the swelling and disintigration of the clay
fraction of the samples.

Polishing of the samples was performed on Selvyt cloths using
three grades of alumina, 5/20, 3/50 and Gamma, followed by care-
ful cleaning of the surface.

Reflectance determinations were carried out on a Leitz M.P.V.
microphotometer under oil immersion, R.I. 1.516, at a wavelength
of 546 nm. The field measured was varied to suit the size of the
organic particle but was usually of the order of 2 micron diameter.

The surface of the polished block was searched by the operator

for suitable areas of vitrinitic material in the sediment. The
reflectance of the organic particle was determined relative to
optical glass standards of known reflectance. Where possible,

a minimum of twenty individual particles of vitrinite was measured
although in many cases this number could not be achieved. The
search for vitirinitic material was maintained for apporximately

45 minutes on each sample before termination if the operator con-
sidered that no more vitrinitic particles were likely to be located.

EXTRACTION OF DRILLING MUD ,

To get some knowledge of the organic additives in the drilling mud,
some of this was extracted ultrasonically with hexane. The extract
was then run on capillary g.c. columns under the same conditions as
before.
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RESULTS AND DISCUSSION

TOTAL ORGANIC CARBON (TOC)

TOC varies slightly over the whole sequence analysed. For the first

700 m (1820 - 2520 m) the approximate value is 1.3%. At 2570 begins a
carbonate rich sequence and there is a sudden drop in the TOC to 0.3%.
Below the carbonate sequence, there is a sudden rise in the TOC to 3.1%
at 2720 m, and then it drops to a more normal value of 1.1%. There are
other sudden sharp increases and decreases in the TOC values in the ana-
lysed samples. This can be caused by various reasons, such as sudden
changes in the lithology (Powell, 1975; Albrecht et al, 1976). It is well
known (Gehman 1962) that carbonate rich sequences give lower TOC values
than shale sequences. . Another reason for the sudden variations can be
contamination from additives to the drilling mud, such as lignosulphonate.
Over all, there is a fairly steady value of 0.6 - 1.4 over most of the
well, and this value is above the minimum value reckoned for a possible

source-rock.

CR/CT RATIO

CR/CT starts at a fairly low value of 0.3 at 1820 m. This is expected since
we here will have a fairly immature sediment. The CR/CT value is fairly
steady to a depth of approximately 2100 m (Table IV). At 2120 there is a
sudden jump of 0.1. This jump coincides with the Eocene/Paleocene boundary.

At 2320 m there is again a sudden jump of 0.1 in the CR/CT ratio. Vitrinite
reflectance measurements show that there are fairly large amounts of re-
worked material in most samples from this depth and down to the base of the
well. From 2320 m - 2520 m the CR/CT value is Steady around 0.5. At 2570 m
we find, for the first time in this well, a CR/CT value of 0.6 or higher.
This coincides with the Paleocene/Creteaseous boundary for this well. From
2570 m to the bottom of the we]l, the Cp/C; ratio varies from 0.6 > 0.8,
with a few exceptions 0,58 at 3500 m, 0,41 at 3650 m and 0,53 at 3990 m
(Table IV). These few samples could then indicate the "true" value for the C,
CR/CT ratio. éut because of the large amount of samples with CR/CT ratio
between 0.6 and 0.8, together with the knowledge of extended reworked
material it is very difficult to draw conclusions from the CR/CT measure-
ments alone.
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VITRINITE REFLECTANCE

The results of the vitrinite reflectance determinations are shown in
Table VII of this report. Values underlined indicate what are conside-
red to be the true reflectance for the sample in cases where there is
contamination by reworked or caved material. The number in brackets
following the value guoted for the vitrinite reflectance indicates the
number of particles on which the determination is based.

Equivalent carbon contents, dry ash free, are quoted relative to data
published by Teichmiiller based on European coals (Fig. 5).

The vitrinite reflectance starts with a value of 0.4 at 1820 m. Most of
the particles measured, seem ‘allright, but there is a wide spread in the
values, and those above 0.5 could perhaps be separated out and classed as
reworked. The sample from 2020 m is good and gives a true value of 0.35.
At 2320 m we find some particles with values around 0.3 but also some with
far higher reflectance values (Table VII). The latter are reckoned as re-
worked.

At 2520 m we find particles with slightly higher values than before (0.44),
and no reworked material is recorded. Since this depth is close to the
Paleocene/Cretacous boundary, it was decided to do vitrinite reflectance
measurements on the samples from the two next depths, 2570 m and 2670 m.
These measurements show that we have reworked material in the samples from
Cretaceous, while this was not found in the sample from 2520 m (Paleocene).
We also find a quite sharp increase going down in the Cretaceous: At 2900 m
we find a sample which gives an excellent reading on coal praticles (0.64),
and we are quite confident that this is a true value. From 3100 m and down
there are coal particles with reflectance of approx. 0.35. These are most
probably particles which are additives to the drilling mud. There was no
information on such an additive when the measurements were carried out but
later we learned that 1lignosulphonate was added. This is expected to give

F

a reflectance value of approximately 0.3. .

The reflectance value of 0.76 at 3100 m could be a true value. It is a quite
high value, but because the measurements were done on wisps, we feel that it
is not reworked. On the other hand, the value of 0.92 at 3250 m, is definit-
ly from reworked material. The reflectance values found for the samples from
3350 m, 3450 m, 3550 m and 3600 m are believed to be true.
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At 3650 m we again find a very high value (0.98) and this is believed
to be reworked material.

The reflectance values of 0.80 and 0.85 found for the samples from 3700 m
and 3750 m might be a bit high, but there is no definite evidence that it
is reworked material.

At 3800 m there are two definite classes of values (0.66 and 1.27). Here
we believe that 0.66 is a true value and 1.27 from reworked material.

Two core samples were also measured (3818.50 m and 3824 m). Both the core
samples showed slight exinite fluorescence and one particle at 3824 m gave
a reading of 0.71. Apart from this all the measurements were on reworked
material.

The measurements on the cuttings from 3940 m gave one reading of 0.75 and
the rest at approx. 1.4. The latter are reworked material. Alle the samp-
les measured from 3960 m and down to the base of the well show only reworked
material. In most of the samples measured, very little organic material was
reported.

EXTRACTABLE ORGANIC MATTER (EOM)

Looking at Table V, we see that most of the samples give an EOM value that
would be rated as adequate for source-rock, and that the hydrocarbon con-
tent would be reckoned as poor to fair for most samples. There are a few
exceptions, mainly from 3750 m to 3890 m, where the EOM must be rated rich
and the hydrocarbon content good to very good.(Philippi 1957).

The latest ways of interpreting the EOM and hydrocarbon values (Powell,
1975, Albrecht et al, 1976), where EOM, saturates and hydrocarbons are ex-
pressed in mg/g TOC, can also be used. (Table VI).

* i
Most of the well has EOM values which are smaller than what Powell (1975)
reckoned to be the minimum value for a sediment to be a source-rock (60
mg/g TOC). The exception is the sequence from 3750 m to 3890 m which has
very high values for the EOM. (Table VI).
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We understand an oil show was found in this interval. If we plot the
EOM, HC and Saturates as ppm of whole rock, as a function of depth, we
find two other intervals that have a small increase in EOM, HC and
Saturates. These intervals are 2950 m - 3200 m and 3200 m - 3350 m
(Fig. 15). These increases in EOM, HC and Saturates coincides with an
increase in TOC (Table IV and Fig. 15).

If we, however, plot EOM, HC and Saturates as mg/g TOC as a function of
depth, these two intervals are not distinct. (Fig. 16).

NORMAL PARAFFIN DISTRIBUTION AND CPI VALUES

Since there was so small amounts of EOM in the samples from the first
300 m (1820 m - 2120 m), Tiquid chromatographic separation was not done
on these samples (Table V). Because of this, the distribution of the
normal paraffins is not known. At 2170 m, the normal paraffin distribu-
tion seems to have two maxima, one at nC16 and a smaller one at nC24
(Fig. 15). This shows that at this depth the organic matter is not well
matured, and that some of the organic matter could have derived from
algae.

Going down the well, the maximum at n024 gradually decreases, and from
3200 m there is a very smooth distribution of the normal paraffins, with
a maximum at "C15- This shows that the organic matter has undergone
changes, and from 3200 m, we have a matured sediment with a normal
paraffin distribution normally found for crude oils (Fig. 15).

When working with cuttings there is always the possibility of contami-
nation. This will particularly show up in the normal paraffin distri-
bution and the CPI value.

Gas chromatograms of the saturated hydrocarbon fraction from samples of
cuttings taken from depths just above and below where diesel 0il was
started to be added to the drilling mud, show very much the same pattern.
This makes us fairly confident that there is very little contamination
from the diesel oil in our samples.

The CPI values were calculated for the different samples, and showed a
very constant value around 1.00. Most of the samples had very small
amounts of higher n-alkanes (above nC25) so it was difficult to calcu-
late the CPI value with sufficient accuracy. Also we had to calculate
the CPI on very few n-alkanes, since most samples did not show any evi-
dence of n-alkanes above nC30. Some capillary gas chromatograms are
shown in Fig. 6 - 14.
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ISOPRENQIDS

At the top of the well there are large amounts of pristane and phytane
compared to nC17 and nC]8 (Fig. 6). This shows that this is a fairly
immature sediment. The ratios pristane/nC17 and phytane/nC]8 decreases
going down the well. At 2170 m we find 2.3 and 1.1 for the two ratios,
while at 2570 m, the pr‘istane/nC]7 ratio is approx. 1.0. From 3200 m
to the base of the well, the ratios p\r‘is'cane/nC]7 and phytane/nC]8

are those usually found for crude oil (0.5 and 0.3).
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CONCLUSION

The results from the different analyses are plotted as function of
depth in Figs. 15 and 16.

The Eocene (down to 2060 m) shows only negligeble variation for the
different analyses. At the top of the Paleocene the CR/CT shows a
sudden increase, while the results from other analyses are fairly
constant, right through the Paleocene. At the boundary between Paleo-
cene and Cretaceous, there is again a sharp increase in the CR/CT’
and a drop in the TOC. EOM, HC and Saturates are fairly constant in
this interval.

From 3000 m we start to get an increase in TOC, EOM, HC and Saturates.
These measurements again show a low value at 3200 m, which is close

to the Campanian/Santonian boundary. The interval between 3200 m and
3350 m again has higher values for the TOC, EOM, HC and Saturates.

The vitrinite reflectance for these two intervals show that we are
within the "0i1 window" and the normal paraffin distribution shows
fairly matured organic matter. If we look at Fig. 16, where EOM, HC
and Saturates are plotted as mg/g TOC as a function of depth, these
two intervals are not so distinct. On the whole we conclude that matu-
red organic matter is formed in these two intervals but the amount is
negligible.

The different measurements show very little variation from 3500 m
down to 3700 m. From 3700 m the EOM, HC and Saturates show large,
very sudden increases, and there are large amounts of EOM, HC and
Saturates in the interval between 3700 m and 3890 m. From the data
we have from our analysis we interpret this interval as an oil show.

From 3890 m to the base of the well, the TOC shows very erratic values,
and the vitrinite reflectance gives results that indicate only reworked
material. The EOM, HC and Saturates are again very low and with small
variations.

The conclusion from the different analysis on samples from this well,
is that the hydrocarbon generation zone Ties below the total depth
of this well.
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COMMENTS TO THE DIFFERENT ANALYSES.

Earlier experience with material from the North Sea shows that
there is a large degree of reworked material. Because of this

a fairly large number of samples were taken for vitrinite re-
flectanse, but still it was difficult to find samples that gave
good readings. On top of the problem with reworking there is also
the possiblity of cavings. If possible, we would suggest that
sidewall cores are taken for this type of analysis.

As mentioned in the Results and Discussion part, very Tittle
weight was put on the CR/CT measurements. This was because all

measurements of EOM etc. gave clear evidence that there was no

source rock in the analysed interval. If, however, the evidence
had not been so clear, optical means to get more knowledge of the
organic matter would have been used, to help interpret the CR/CT

measurements.

In the extraction of the sediment we have used dichloromethane
(DCM), this to avoid benzene, with its carcinogenic effect, as

much as possible. DCM will lower the value for EOM compared with
the benzene/methanol mixture usually used. But since the loss
normally will be from the NSO fraction, we still get the required
information. Other institutions have also left the benzene/methanol
mixture (i.e. IFP, SNPA and Philips Petroleum).

In this work we have not analysed for light hydrocarbons. Analysis
of 1ight hydrocarbons provides a rapid knowledge of the maturety

of the sediment and this aids in the interpretation of the data.

IKU can do this type of analysis, but since it was not requested by
Norsk Hydro, and since it was not mentioned in the contract this
analysing method was not used. Any show of 1ight hydrocarbons will
not be detected by the analysing methods used on samples from this
well. We understand that a small gas-show was found at appnéx 2200 m.

On request from Norsk Hydro, total analysis for heavy hydrocarbons
was done on all samples where there was enough material. A sequence
of analyses of this type, with extraction, liquid chromatographic
separation and CPI measurements of all the samples is very time
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consuming and expensive. We would therefore suggest that a screening
method i.e. TOC is used on all samples and from this, the samples
for further analyses can be picked.

If, however, the different companies wish to have a complete ana-
lysis of all the samples, we would be prepared to do this.
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TABLE IV

Total Organic Carbon (TOC) and Carbon Residue/Total Organic Carbon
ratio (CR/CT).

Sample Depth (m) TOC (%) CR/CT
1 1820 1,52 0,30
2 1870 1,01 0,36
3 1920 1,47 0,36
4 1970 1,30 0,31
5 2020 1,31 0,32
6 2070 1,31 0,32
7 2120 1,40 0,42
8 2170 0,88 0,41
9 2270 Set A 1,58 0,43

10 2270 Set B 1,34 0,42
11 2320 1,01 0,54
12 2370 0,83 0,52
13 2420 1,75 0,52
14 2470 0,87 0,47
15 2520 0,83 0,56
16 2570 0,30 0,65
17 2670 0,34 0,60
18 2720 3,13 0,63
19 2800 1,16 0,76
20 2900 1,10 0,70
21 2950 0,60 0,69
22 3010 0,61 0,64
23 3050 2,18 0,78
24 3100 2,31 0,70
25 3150 1,35 0,77
26 3202 ' 0,69 0,72
27 3250 3,92 0,77
28 3300 2,90 0,76
29 3350 0,71 0,69
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Sample Depth (m) TOC (%) Cr/Ct
30 3450 1,41 0,70
31 3500 0,89 0,58
32 3550 2,97 0,60
33 3600 0,67 0,61
34 3650 0,58 0,41
35 3700 0,76 0,65
36 3750 0,69 0,62
37 3800 0,77 0,74
38 3810 1,17 0,72
39% 3820
40 3830 0,85 0,71
41 3840 0,66 0,68
42 3850 0,58 0,71
43 3870 1,19 0,63
44 3880 1,33 0,73
45 3890 1,05 0,71
46 3900 2,45 0,74
47 3940 1,59 0,75
48 3950 1,65 0,76
49 3960 1,33 0,77
50 3970 2,15 0,71
51 3980 0,89 0,76
52 3990 0,98 0,53
53 4000 0,60 0,74
54 4010 1,13 0,81
55 4020 0,89 0,78
56 4030 1,98 0,84
57 4040 1,28 0,84
58 3924 (Core) 1,03 0,81

¥ No returns of cuttings.



TABLE V

Extractable Organic atter (EOM), Liquid Chromatographic Separation, Carbon Preferance Index (CPI) and Pristane/

Rhytahe ratio.

Depth EOM Saturates Nonsaturates Methanaol Hydrocarbons CPI Pristane
ppm of whole ppm of whole ppm of whole eluate ppm of whole Phytane
rock rock rock ppm of rock :
whole rock

1820 * 77

1870 * 80

1920 * m !
nN

1970 * 101 o
]

2020 * 7

2070 * 106

2120 * 102

2170 145 33 32 54 65 0,98 2,53

2270 Set A 210 39 45 84 84 0,98 1,85

2270 Set B 235 48 39 87 87 1.00 1.71

2320 205 34 34 69 68 0,98 1,59

2370 400 25 45 27 70 2,10

2420 100 12 19 36 31 1.01 2.21

2470 270 9 168 40 177 0.99 2.44

2520 325 106 79 101 185 1.03 1.46

2570 128 16 46 32 62

2670 260 43 56 41 99 1.02 1.50

2720 344 61 80 177 141 0,98 1,71

2800 210 17 41 105 58



Depth EOM Saturates Nonsaturates Methanol Hydrocarbons CPI Pristane
ppm of ppm of whole ppm of whole eluate ppm of whole Phytane
whole rock  rock rock ppm of

whole rock.

2900 356 58 90 82 148 1,01 2.34

2950 325 100 68 48 168 0,99 1.87

3010 **

3050 820 208 274 146 482 1.00 1.89

3100 **

3150 729 50 183 239 233 0,98 1.37

3202 157 23 63 56 86 0,96 1,74

3250 1180 82 270 276 352 1,01 1,51

3300 **

3350 436 56 93 175 149 1,03 1,66

3450 456 62 129 151 191 1,02 1,80

3500 389 88 122 120 210 1,01 2,28

3550 430 81 174 101 255 0,99 1,78

3600 370 47 83 88 130 1,00 1,85

3650 333 37 48 61 85 1,01 1,47

3700 350 29 45 92 74 1,02 1,58

3750 2390 677 449 27 1126 1,00 4.87

3800 3338 1521 728 615 2249 0,99 1,91

3810 2300 750 743 801 1493 1,01 1,86

3820 **

3830 - 970 204 224 216 428 0,99 1,74

3840 1250 526 284 292 810 1,01 1,55

3850 1863 493 389 295 882 0,99 1,16

-62-



Depth EOM Saturates Nonsaturates Methanol Hydrocarbons CPI Pristane
ppm of ppm of whole ppm of whole eluate ppm of whole Phytane
whole rock rock rock ppm of rock

whole rock

3870 4447 702 809 809 1511 1,01 1,55

3880 5140 1737 1509 548 3246 1,00 1,44

3890 800 170 235 238 405 1.00 1.60

3900 1130 344 267 312 611 1.00 1.65

3940 440 137 107 168 244 1.00 1.33

3950 510 126 127 177 253 1,01 1,40

3960 760 88 116 181 304 1,01 1,40

3970 410 87 105 181 192 0,99 1,45

3980 2310 60 52 m 112 0,99 1,43

3990 2290 65 77 78 142 0,98 1,41

4000 210 59 36 60 95 0,99 1,42

4010 -210 35 64 82 99 1,01 1,41

4020 240 43 56 68 99 1,00 1,41

4030 600 172 123 198 295 0,98 1,58

4040 350 91 62 106 153 1,01 1,61

3924 (core) 270 7 28 57 35 1.00 1.84

x Not enough sample for liquid chromatographic separation.
xx Not enough sample for extraction.

-
-

_OS..
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TABLE VI

Extractable Organic Matter (EOM),Saturates and Total Hydrocarbons:
as a function of Total Organic Carbon.

Depth EOM Saturates Total HC  Saturates Total HC
‘m/g TOC m/g TOC m/g TOC % of EOM % of EOM.

1820 * 5.1

1870 ® 7,9

1920 * 7,6

1970 * 7,8

2020 * 5,4

2070 * 8,1

2120 * 7,3

2170 16,3 3,8 7,4 23 45

2270 Set A 13,2 2,5 5,3 19 40

2270 Set B 17,5 3,6 6,5 20 37

2320 20,2 3,4 6,7 17 34

2370 48,2 3,0 8,4 6 18

2420 8,5 0,7 1,8 12 31

2470 31,0 1,0 20,3 3 66

2520 39,2 12,8 * 22,3 33 57

2570 42,7 5,3 20,7 13 48

2670 79,3 12,6 29,1 17 38

2720 11,0 1,9 4,5 18 a1

2800 18,1 1,5 5,0 8 28

2900 32,4 5,3 13,5 16 42

2950 54,2 16,7 28,0 31 52

3010 **

3050 37,6 9,5 22,1 25 59

3100 **

3150 54,0 3,7 16,5 7 32 .

3202 22,8 3,3 12,5 15 55

3250 30.1 2,1 9,0 7 30

3300 **

3350 61,4 7,9 21,0 13 34
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Depth EOM Saturates Total HC  Saturates Total HC
m/gTOC wm/gTOC m/g TOC % of EOM % of EOM

3450 32,3 4,4 13,5 14 42
3500 43,7 9,9 23,6 23 54
3550 14,5 2,7 8,6 25 77
3600 55,2 7,0 19,4 13 35
3650 57,4 6,4 14,7 11 26
3700 46,1 3,8 9,7 8 21
3750 346,4 98,1 163,2 28 47
3800 433,5 197,5 292,1 46 67
3810 196,6 64,5 127,6 33 65
3820 **

3830 114,1 24.0 48,4 21 41
3840 189,4 79,7 122,7 42 65
3850 325,2 85,0 152,1 26 a7
3870 373,7 59,0 127,0 16 34
3880 386,5 130,6 244,1 34 63
3890 76,2 16,2 38,6 21 51
3900 46,1 14,0 24,9 30 54
3940 28,2 8,6 15,3 31 55
3950 30,9 7,6 15,3 25 50
3960 57,1 6,6 15,3 12 27
3970 19,1 4,0 8,9 21 47
3980 34,8 6,7 12,6 19 36
3990 29,6 6,6 14,5 22 49
4000 31,8 9,8 15,8 28 45
4010 18,5 3,1 8,8 17 47
4020 27,0 4,8 11,1 18 41
4030 30,3 8,7 14,9 29 49
4040 27,3 7,1 12,0 26 44
3924 Core 26,2 0,7 3,4 3 13

.

% Not enough sample for liquid chromatographic separation.
xx Not enough sample for .extraction.



TABLE VII

Vitrinite reflectance Ro No of particles measured in brackets.

Depth

1820
2020
2320
2520
2570
2670
2900
3100
3250
3350
3450
3550
3600
3650
3700
3750
3800
3918750
3924%
3940
3960

0,35(16)
0,32(10)

0,36(20)Coal
0,36(11)Coal

0,35(10)Coal
0,35(23)Coal
0,34( 1)Coal

0,28( 6)Coal
0,22( 7)Coal
0,38( 5)Coal

-

0,38(21)Coal
0,36(20)Coal

Reflectance.

0,44(20)
0,65( 8)
0,44(20)
0,44(14) 0,79( 2)
0,50(4) 0,84( 4)
0,64(22)Coal
0,75( 5)
0,68(20)
0,67(10)
0,67( 5)
0,61(11)
0,80{14)
0,85(13)
0,66( 2)
0,71( 1)
0,74( 1

0,92(9)

0,98(6)

1.27( 9)

1,38(20)

1.42(20)

_SE_



TABLE VII page 2

Depth Reflectance.

3980 0,37( 5)Coal 1.39(16)

4000 - 1.21(01)

4020 1,30(21)

4040 0,64( 1) 1.11(19) 2.03(1)

_VS_
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Fig. 5.

Details of the vitrinite reflectance measurements.
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o3¢ | 047 | 034 O 42 REFLECTIVITY (%) PARTICLES
o0&s | 047 | 047 | 037
Rmax.
O 44 20
Raver.

EQUIVALENT CHEMICAL PARAMETERS
DRY ASH FREE

VOLATILE
CASBDN 0L ATILE CARBON
(%) YIELD (%) RATIO

72




- 40 -

/?,e/;; ¢ Z23es OF oo

ORGANIC MATERIAL
ﬁ//?/( - %?70&« v 2&4’24-2/

Ccon/re (ov7a —
Sope ~ S BIexTE 7ec Cawzawr

rerienr S Sorsse Svierowsrs
e rees » HrronworEe Wba, fTomree

ORIGIN Yy SAMPLE sslrnﬂsff St SN |
[ K U of- 250
THOLOGY 5 7 J
L gﬂfﬁw > &94/(
MINERALOGY GENERAL COMMENTS

SflesyeR

.ﬁzw: /@zwa’«—".

Yoy Fovorens,

110 100 095

/&Ge?)v‘ézzeaaéb.
APPEARANCE
INUV. ¢ PBesoms }f AL voR S Ceves Gao-oconsulisnis Lid
Ash House
o+ Moo snn> Cesmes Jores Bell Villas
Ponteland
/ Northumberland
EXINITE CONTENT . a- NE20 9BE ' .
IN U.V. S pegm najure Date =22 /o
PREPARATION WAVELENGTH R.l. OF IMMERSION OIL
Songorv Ao S4E p. S5/
089 | O42 | 039 | O4é TOTAL No.OF
047 | ose | 043 PARTICLES MEASURED /&
O4y 045 | O¢g No.OF
o 03 . REFLECTIVITY (0 o
79 5 | 046 (%] PARTICLES
035 047 250
Rmax.
_ O-44 4
Raver. o079 2
Ji

EQUIVALENT CHEMICAL PARAMETERS
DRY ASH FREE

CARBON VOLATILE CARBON
MATTER
(%) YIELD F%) RATIO
72
80
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OurRef: AL 2PN

ORIGIN Y A4 SAMPLE Your Ref: 24 );Z’O’
LITHOLOGY /2, - J
MINERALOGY : GENERAL COMMENTS

ORGANIC MATERIAL
Lowy — Mo pne CRowre Covrny
S Foremrra SPerceas o7

Aoyoowes Morconn Fwd erTnwn

Domeppows
APPEARANCE
IN UV, Bao- sonsulisnts Lid]
Coonie Fvoosscoves /Rmg ‘ ~ Ash House
Bell Villas
Soozes Ponteland
‘ . *é% Northumberland
EXINITE CONTENT (’ _Ja NE20 9BE .
IN U.V. Low Sighat Date /4~ Dker Hx
PREPARATION WAVELENGTH R.l. OF IMMERSION 0IL .
/& 0220y ARewosve SkEnm. ey 4 i
o3 | o059 | 0us | 043 TOTAL No.OF g
08 | ous | 047 | O4s PARTICLES MEASURED /& |
os7 |oe |osc |ous No.OF f
) ] . 0 :
o< oe7 | oso REFLECTIVITY (%) PARTICLES
0% |og€2 | o059
Rmax.
050 )
Raver, 084 4

EQUIVALENT CHEMICAL PARAMETERS
DRY ASH FREE

CARBON VOLATILE CARBON
MATTER
(%) YIELD F%) RATIO

73
g/

e

N e e

g S
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| OurRef: A2 /PW/
ORIGIN VA 074 S.AMPLE Your Ref: )
: 2700J
UTHOLOGY s s S v (e Fercses |
MINERALOGY GENERAL COMMENTS

Aovorrzy o Adadmecs ow e

ORGANIC MATERIAL |

Moo ozonre Covrziny Flrosr

Lrceusiiay Aoices) bvmesd Poarveces
OF SWER 7776+ /@mg %74/4//&’
(G - Vrrmemnrtc tormr S L77eE

SNER TR
APPEARANCE |
IN U.V. Gao-consultanis Lid
)“{2“""/& losmae /2 < Ash House
rone Sz Bell Villas
. Ponteland
N / :ggghgrgger'land
EXINITE CONTENT ’ £20 .
IN UV Low : ignatdre / Date /Jr/_/ﬁm Zre
PREPARATION WAVELENGTH R.l. OF IMMERSION OIL
Soseorye AEcaveo SHhl i, /57
o-5¥% 062 | 075 | 065 | O58 TOTAL No.OF
oss | o |oe |o¢s | oss PARTICLES MEASURED 22
o055 | 079 o6/ | 059 No.OF
. . » - 0 )
o5 o 0é4 |o€3 REFLECTIVITY ( /o) PARTICLES
053 |oé2 | o€y |ogs ‘
Rmax.
Oé4 22
Raver. |

EQUIVALENT CHEMICAL PARAMETERS
DRY ASH FREE

CARBON VOLATILE CARBON
(%) | YADEY | RATIO

77
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ORIGIN Y 474

SAMPLE

Our Ref: A28/ 20/

Your Ref:

LITHOLOGY .ﬁyzg loy + Knreszone Temces

%.
3/00r

MINERALOGY

ORGANIC MATERIAL

Lomvesrone o, /Zvnu (e
(o’rr/uc: —_ -f;:eacraee’m: %ze/n//rf
Lirw oy ST Tegess, Jorns
(o820 17, Jooss — Loo/#e2

(Coyrionr - Foeced bfbsps » Sorarreces
Comerey SNERTINGE + ALWoRKEED,

APPEARANCE
IN U.V.
)éZloQ / ﬂ,em‘:' AMHM

GENERAL COMMENTS

Gan-consuliznis Lid |

"~ Ash House
Sooone Samess Bell Villas
: : Ponteland
M :«lg;ghgmgeﬂ and
EXINITE CONTENT ) . IE20 9B .
IN U.V. Low Sigfat % Date ’f’ﬁr e
PREPARATION WAVELENGTH R.l. OF IMMERSION OiL
/8oge pye /'Q(ax/ac &6 nom . /57
o | o33 o2 (0o | 072 TOTAL No.OF
033 |o33 |o32 |os0 | 035 PARTICLES MEASURED f5°
032 | 033 o9 |o42 | 039 No.OF
. e . . 4L R CTI 0 :
o032 038 O 42 032 | O #4¢ EFLECTIVITY (%) PARTICLES
037 | 03/ 042
Rmax.
03¢ 20 2o
Raver. 076 5

10 100 095

EQUIVALENT CHEMICAL PARAMETERS
DRY ASH FREE

CARBON VOLATILE CARBON
- ATTER
(%) | WDy | Ramo
VAA

go
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OurRef: JA7 /UML)

ORIGIN I SAMPLE ‘oot P
_ 3282 J

UTHOLOSY 2 » (oo,

MINERALOGY GENERAL COMMENTS

ORGANIC MATERIAL
{0))94 - éco @N/{ %".em//r/c ,yur ‘/”//

Jome ﬁagxfwﬁ Corrmns
S - Loeagie KITHOROGIES, (Groned

rerccas » btbsos Aonry of
ooy Lz

APPEARANCE
IN U.V. Gao-aonsulisnis Lid
omce Svorescanes Sony Ash House
2rosT Bell Villas
¥z Ponteland
Norghumberl and
EXINITE CONTENT “NEZ0 9BE .
IN U.V. AZGW Date /Jj(/g?‘ Ve 244
PREPARATION | WAVELENGTH R.l. OF IMMERSION 0OIL
Aopﬂoﬁyz /g(oﬁ(oc S%Enmm, 7/ 57¢
/-/2 o9 | 0-3¢ o3¢ TOTAL No.OF
/-03 o099 | 034 035 PARTICLES MEASURED 20
/5" o7/ o-39 O34 No.OF
. i ) . REFLECTIVITY (O, i
082 | 065 |o«# | 032 (%) PARTICLES
097 | 029 o042 | 03¢
Rmax.
0-36 /! (oo
Raver. 0-93 9

EQUIVALENT CHEMICAL PARAMETERS

110 100 095

DRY ASH FREE

CARBON VOLATILE CARBON
‘ MATTER
(%) YIELD &’/o) RATIO
66

g3




[}
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ORIGIN /,(/ o

SAMPLE

Our Ref:
Your Ref:

UTHOLOSY sy Soous Lrmocosres

3350’

SN St L

J

MINERALOGY

ORGANIC MATERIAL
J(aa)- /"fo:/)wzg' s rvre é‘/fﬂ/f

.ﬂﬂ?l(, Lvmecsd erreces oD 7
Smry Whsoc, Jone NERTITE T
A2yorned Viremrrs

GENERAL COMMENTS

A 2

APPEARANCE l
IN UV Lesme oo e jfa:-ﬂun_nsul_lsr_nls L
sh House
Ao SARES Bell Villas
Ponteland
.,/,,// 4 Nogghgmberland
EXINITE CONTENT NE20 9BE .
IN UV %/962-" ignafure / Date 4> Dee. B¢
PREPARATION WAVELENGTH R.I. OF IMMERSION OIL
/so,eeoﬂya /Q(a«ac S%brm, S5
o-es |osc | o | o€y TOTAL No.OF
o-s0 (o¢c7 | 068 | 072 PARTICLES MEASURED 20
o-gs5 | 076 o€z o-gf No.OF
077 |oez | ox |o¢ REFLECTIVITY (%) PARfICLES
O 45 | 065 | O45 /06
Rmax.
069 20
Raver,

(]
110 300 095

DRY ASH FREE

EQUIVALENT CHEMICAL PARAMETERS

CARBON
(%)

VOLATILE
MATTER
YIELD (%)

CARBON
RATIO

7
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ORIGIN Y274

SAMPLE

OurRef: Z£ /20
Your Ref:

LITHOLOGY Lo + o

\3‘9’50])

MINERALOGY

ORGANIC MATERIAL
Loes- AloDeRA7E Clocmare Covreny —

Jarmey Yooy FicED Peorres Lor “hw
Aicrrimrs DPowmanr. Gz (oo R ) -
Ynoprre i omcy 7RAE OF
SMERTMIITE '
APPEARANCE

IN U.V.
ﬂémo‘[ A—ua:eéra.-m: /;zw

Srpos SRAGAIEITE

GENERAL COMMENTS

EXINITE CUNTENT/“)_ Mo Dusemze

Gao-sonsuliznts Lid|

Ash House
Bell Villas
Ponteland
Northumberland
NE20 9BE ]

Date =) /7c

IN UV. 4
PREPARATION WAVELENGTH R.I. OF IMMERSION OIL
soseosve  Skeowoe S%bnu. /S 5/
54 oéy7 | 037 | 707 | O0€% TOTAL No.OF
03 |owy |03 | 069 |07 PARTICLES MEASURED 22
033 o3/ O42 | 062 No.OF
033 |oz | o030 | o7s REFLECTIVITY (%) PARfICLES
0463 | 039 /104 | O-6/
Foa PP s
359, X‘ ', “ ﬁaver. o¢y /0
T/ — .
| T | UIVALENT CHEMICAL PARAMETERS

1-80

170

200 . + " ! } t

160

110 00 09S

DRY ASH FREE

CARBON VOLATILE CARBON
' ATTER
(%) wm-:w &/o) RATIO
66
78
85
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ORIGIN sampLg OurRef: L4727
/LAY . Your Ref: 1
3 3550 J
UTHOLOGY 2o (Gre » Pesacinerne
MINERALOGY GENERAL COMMENTS

(e Fhacses To Pevme 7

& vvas

ORGANIC MATERIAL
G~ Somomve , Loss ARr2eermes

Awecay %’ﬂ”’f! &rr~ T2 7
S e 7eRL
.ﬁfm — Low ﬂeem: Zs;’w:/r-— ﬂm
St nceas corr SNERTINIRT
%Z(Mkf

APPEARANCE
INUY. o Sovvw Fevmsscaras
,/,)yz._rg - ow o (e, Cloomee

/s

Ash House
Bell Villas
Ponteland

_Gao- consulisnis Lid|

) / :ggghumber'land
EXINITE CONTENT vl (E20 9BE )
IN UV, s~ Pounnr /%“ Date 22 o
PREPARATION WAVELENGTH R.l. OF IMMERSION 0OIL
Aoy Acowve ' SKEEnm. X774

o 030 032 o3¢ 0.39 o4z |TOTAL No.OF
039 033 032 033 03¢ p-¢9 | PARTICLES MEASURED 29
o039 035 077 | ouds 0-59 042 No.OF
o0 032 0-30 a3 03¢ REFLECTIVITY (%b) PARTICLES
0.27 0-38 068 o033 042

Rmax.

_ o35 23 (o

Raver. 0-é7 s

)

110" 100 095

DRY ASH FREE

EQUIVALENT CHEMICAL PARAMETERS

CARBON VOLATILE CARBON
- TTER

(%) | ViEib Gy | RATIO

65

78
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OurRef: JSAZ /s S

ORIGIN o278 SAMPLE ]

Your Ref: 360()}
LITHOLOGY /%m?) ‘ﬁg“- Lorakocres
MINERALOGY GENERAL COMMENTS

ORGANIC MATERIAL
oo e (onzwz Hernees oo

9 fr hfwey o Crocond. Phosr
Abor %o Nome SR e zesertonms 77on,
w foewed oo

Ser 7royr 72
Domevionwr
APPEARANCE ]
IN UV Gao - oonsulisnis Lid
Lo frvoeasceee Lot Ash House
G S Mies | Bell Villas
Ponteland
. / Nggghgmgeﬂ and
EXINITE CONTENT | . ' - 4. NE20 9B :
IN U.V. s ?m //Z Date .5~Zk. 77
: =< -
PREPARATION WAVELENGTH R.l. OF IMMERSION 0OIL
Svaanove ARcror 5% 8 nom o578
o7 | o4t | 085 TOTAL No.OF
osy | 049 O0é7 ' PARTICLES MEASURED 2
o | 07y
No.OF -
a . REFLECTIVITY (O )
oo | 092 ITY (%) PARTICLES
o:59 052
Rmax.
_ O-34 /
Raver. 0-&r /

EQUIVALENT CHEMICAL PARAMETERS
DRY ASH FREE

CARBON VOLATILE CARBON
(%) | DOy | RATIO

¢4
77

110 700 095
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ORGANIC MATERIAL
oo Cocorne (onzens, Jeo e

/ze,m;r o= Ko + e Tinte 7,
s e At A Lor o

Arsorencive

APPEARANCE
INU.V.

- dem.c %«’aa—w e

ORIGIN Yy SAMPLE [Tt 7 s i/
- 365 e

UTHOLOGY  hen Mo Lmmworocres

MINERALOGY GENERAL COMMENTS

Ao wes %Mw ov /gumez
Voome Amosocy Aooxs Lowse fong
oo 4 mwd S e Avoriteencs Ao
Nprsrs Ko e,

Bao-sonsulisnis Lid|

Ash House
Bell Villas
S Soees Ponteland
..»{/ Northgmber]and
EXINITE CONTENT : —/%. NE20 9BE .
IN U.V. e // Date, /5> L. /97
!PREPARATIDN WAVELENGTH R.l. OF IMMERSION 0IL
ASoaenrve Acaroe F%E ryme. S5
74 J-89 TOTAL No.OF
Y PARTICLES MEASURED ~ &
0 9%
No.OF
: REFLECT 0
o83 EFLECTIVITY (%) PARTICLES
o9/
Rmax.
o-98 £
Raver.

110 fpo 095

EGUIVALENT CHEMICAL PARAMETERS
DRY ASH FREE

VOLATILE
CARBON MATTER CARBON
(%) YIELD (%) RATIO

34




- 50 -

QurRef: &2 /U»7 L
oRio L RY SAMPLE Your Ref: l
3 %00 |
UTHOLOGY e 722
MINERALOGY | GENERAL COMMENTS

‘| ORGANIC MATERIAL
Nue - Koc ocrwre (mr;zwr_ B Fw

Sorncex » Hsa, Svsree - é’z’.«?o_ap)
‘oo Oy S Fw (oromes - y
o5 -

byrysr Kozrze Ao re

APPEARANCE | 1
IN U.V. Do (Resmmnn L opcrcence _Gao=consulisnis Lt
Ash House
v O Somss Bell Villas
: Ponteland
;)(// Nogghggtéerl and
EXINITE CONTENT —72 NE20. :
INUV = . zg&- gnature / Date N e 744
PREPARATION WAVELENGTH R.l. OF IMMERSION OIL
om0 /Qfoxfac S L s, Y1
S/2 068 029 O30 TOTAL No.OF
/22 06 059 029 PARTICLES MEASURED 20
/o2 087 o 22 No.OF
. . . . REFLECTIVITY (C :
07 | 06 |02 | o ECTVITY (%) 1 pngTicies
o5/ 043 | 025 0-69
Rmax.
0 29 £ tm
Raver. 080 4
]

EQUIVALENT CHEMICAL PARAMETERS
DRY ASH FREE

CARBON VOLATILE CARBON
(%) YIELD (%) RATIO

&/
&/

[}
110 100 095




SAMPLE Our Ref:

A S AL

ORIGIN o, _
Your Ref: 2, ? 5 0}

UTHOLOGY o7 s Soor + Lonriesrome

MINERALOGY GENERAL COMMENTS

ORGANIC MATERIAL
Aows — Modemne vamne (Gunwr

o /o)ﬂz /o,rfacg Grvma Koeo A e novee

Voxoes

.ﬁzﬂ! - /&Wﬁ? 4&&5& ﬂfm %m.,
Lsos Kraw S Aiar S0 .07y

v Conoeens.

Krrricsrons

2 Mg rorvra
Sl r

APPEARANCE
IN U.V.

Srserizzmy ot

Lowie A2eocaeams Loesewr- Jocoges

EXINITE CONTENT

Ash House
Bell Villas
Ponteland

Bao - consulisnts Lid|

Lo
.“ L) “\ 14 i .
igha ﬁ/ Date 4722

IN U.V. ow ' e /T
PREPARATION WAVELENGTH R.l. OF IMMERSION OIL
Snaeo.ove /za/foc S E oo, /576
o7 | oes | /2 o2 TOTAL No. OF
073 ocr rz 0122 PARTICLES MEASURED 20
oSP oz 704 gz No.OF
o7/ 0-93 022 O.20 REFLECTIVITY (%) PART.ICLES
ozg roz7 o3 .23
ﬁmax.
022 7 (on
Raver, o085 /3

110 100 095

DRY ASH FREE

EQUIVALENT CHEMICAL PARAMETERS

g2

CARBON | VOLATILE CARBON
| R
(%) YHIAE%T&/n) RATIO
59




Our Ref:

ORGANIC MATERIAL

Komas e - Viorumey Cloeenry

Lline - Locw F., Blorenss Voresw.re

Lo — Loes Clacrnve Covreewy — Sz Evmeces
Brorur o gany Abmecy Knranced, OVe
(0'0_1) gﬁt’ﬁt‘c( (. a-ﬁj Locnrad

APPEARANCE

7 S P
ORIGIN AU SAMPLE Your Ref: 2.8 h/)
ur nei: \3800 J
LITHOLOGY ,4”574,,«3 Vooes Lomawr + (oo
MINERALOGY | GENERAL COMMENTS

IN L.V Soarme Coagemsm Iaa?f-ﬂ‘ﬂ'&.‘

Gao- consulisnis Lid

Ash House
Abrmme Lo Bell Villas
Ponteland
A A e
EXINITE CONTENT . .. NECO. i
INUV. N S)sﬂ(. /// Date .&~")r /o
PREPARATION WAVELENGTH R.l. OF IMMERSION 0OIL
S ARova TG E e 757
soy | s2z | o | B% TOTAL No.OF
055 | 447 03 PARTICLES MEASURED /%
/30 /78 osze
No.OF
g REF 0 )
LI o2 O-4/ EFLECTIVITY ( /O) PARTICLES
/52 /39 042
550 so0 =7 ™ 015 ﬁmax.
500 “ 5 ' 020
S T
400 s “ , oﬂao o3 S lowe
, 5 _
350  / /,/ ‘\“ "' 0~3s Raver. o-¢¢ 2
' =S IR EQUIVALENT CHEMICAL PARAMETERS
DRY ASH FREE
n o VOLATILE
{1 \ caRGoN [ V0 A CARBON
> (%) YIELD (%) RATIO
0.800'75 (?
(+¥:1Y 7?
o9 &7




- €3 -

ORGANIC MATERIAL
/7025:2,;:7( é«?ém @mwz ./3444

Lmenes Fomees ow Woewrn + dusmmns

Hscrmy Wocey fowows®. Vo Ao

 OurRef: /47 //.M 4
ORIGIN S ey SAVPLE oo, 995 )
J
UTHOLOGY /. p2 - Gee
MINERALOGY GENERAL COMMENTS

Keruccmayes— /Po7wmm
APPEARANCE
IN U.V. Do Comes A corexce e BBI]fBl]_flSll“B[llS Lid|
Ash House
Soem Maress Bell Villas
Ponteland
. / I‘l‘:ogghgxnléer-la,nd
EXINITE CONTENT _ 2 e NE20 9B -
IN ULV, Zewee Sigflaturé / Date &) 7
PREPARATION WAVELENGTH R.l. OF IMMERSION OiL
/.;o/(om Fecose 77 g S
/28 /37 74/ /-/9 TOTAL No. OF
ssr | 239 | e | sz PARTICLES MEASURED 2o
/7 /St /29 /&7 No.OF
a9 | sae | sz | a9 REFLECTIVITY (%) PARTICLES
/52 /3 /42 /6y -
Rmax.
S 42 20
Raver.

EQUIVALENT CHEMICAL PARAMETERS

DRY ASH FREE
CARBON VOLATILE CARBON
TTER
(%) | vieboy | RaTo

£




- 54 - .
' OurRef: Jar jomrs
ORIGIN L ey SAMPLE el e i "’
UTHOLOGY 2, 3724/ ]
| - - o
MINERALOGY

GENERAL COMMENTS

ORGANIC MATERIAL
Speoone Clechwne CoONTANT /w.a;»_

Ao ded rrcees oF Adworked
y 2 Lo rmvire Pasusiy No Zeur
/%?72.‘?//94
APPEARANCE
IN U.V.

Comes /o fewoszcoves
Saom -[4,724" St

Gao-consulianis Lid

Ash House
Bell Villas
Ponteland

EXINITE CONTENT

—

M ﬁggghgmberl and
: BE _
. e el -
IN UV. L natufe // Date /J”Zq—. Vo
PREPARATION WAVELENGTH R.I. OF IMMERSION 0OlL
/-fo/,éu,a;z Aeoroc O4 Emee, S5/
,5¢€ /.29 ) /57 o7 TOTAL No.OF
’27 /22 4SY 43/ PARTICLES MEASURED 2/
/09 /23 /&6 % No.OF
/&2 /.33 /4 ras REFLECTIVITY (%) PARTICLES
/42 /54 A40 réy
Rmax.
o7/ /
Raver. /.32 20

EQUIVALENT CHEMICAL PARAMETERS
DRY ASH FREE

VOLATILE
CARBON o ATTFR CARBON
(%) YIELD (%) RATIO

/3




- 55 -

ORGANIC MATERIAL
(ﬁ/ﬂl(‘ - &Mﬂf

(Gou - Lgup, Ve Bur Lo &

Lows Posmoror or HNerrmos

‘ OurRef: 7.8 /A /
AMP
ORIGIN //ﬂ SAMPLE Your Ref: |
SH0 |
UTHOLOGY /2 e Sooone ~ o
MINERALOGY | | GENERAL COMMENTS

,g‘ /Vﬂ??ﬂflm Kg,a; vg’(&

—/;4-’__ ﬂw‘g /%, Vﬂl{/t -— M?y &
Tove sr Cobc 75 (oved

APPEARANCE
IN U.V. oo /d Sowii” PHRETCENE Gao - sonsulianis Lid
Y Ash House
Som  Jresx Bell Villas
Ponteland
// Northumberland
EXINITE CONTENT . NEZ0 9BE .
INUV.  Aow- Aodeeans - gé Date =°Z)z
PREPARATION WAVELENGTH R.l. OF IMMERSION 0OiL
Logeory Adwaoc SZE rrom. S 5e
042 037 o035 | o039 o3¢ TOTAL No.OF
o4/ O o3g 037 o037 PARTICLES MEASURED 22
o 40 042 O3 03¢ N OF
03¢ . . . REFLECTIVITY (% 0.
040 | o4 | ox il PARTICLES
033 o-4/ o4 O-47
ﬁmax.
_ O 38 2/ lome
Raver. 074 /

EQUIVALENT CHEMICAL PARAMETERS
DRY ASH FREE

CARBON VOLATILE CARBON
(%) | WHD@EY | RaTIO
6
79




"

- 56 -

OurRef: A7 S SAA
ORIGIN LAY SAMPLE \ ' ‘ot "
| 390 |
LUTHOLOGY 2 . Sosus + G
MINERALOGY GENERAL COMMENTS

e Frne

ORGANIC MATERIAL
Wi - Zrecey

(e - Hmmpme twirie
Sy s oF HRIINE

Sovoze

APPEARANCE

IN U.V. Do Swaescimete P
SZvwcs

Bao- consuliznis Lid|

Ash House

Bell Villas.
Ponteland

EXINITE CONTENT  _—

W Northumberland
4 / NE20 9BE .

IN UV . Rk ﬁlﬁe/ Date /J"er /<
PREPARATION WAVELENGTH R.I. OF IMMERSION OIL
Lomamow Ahcwomoe TZErrm. S5
042 033 03 | o3z TOTAL No.OF
o4/ o3¢ 037 o3 PARTICLES MEASURED 20
o3 033 039 o35 No.OF
0-3( 035 | 039 037 REFLECTIVITY (%) PART.ICLES
o3¢ o3¢ 034 035
Rmax.
(748 (4 20
Raver.
*‘

EQUIVALENT CHEMICAL PARAMETERS

0
110 700 095

DRY ASH FREE

CARBON VOLATILE CARBON
- MATTER
(%) YIELD (%) RATIO

é¢
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ORGANIC MATERIAL

.ﬁ,gar L 2 LroriocnsT -

Boees, &) By Sos~ Abpuremre Covrevr
(7.3 %e;,ym o //M'/mnr - MRN8 ﬂaw
Loun FRoARTN, ‘

Gﬁ - ﬂya /9 A;v (0,7//”:_: — Vr7@sv057¢

‘y Joawcoos —

OurRef: A0 /AL
ORIGIN oy SAMPLE \ ‘oo« }
3980
LITHOLOGY e ~ o2z |
MINERALOGY ‘| GENERAL COMMENTS

APPEARANCE
IN U.V. Geo - consulianis Lid|
M Derowme F2vossceves Ash House
Bell Villas
Ponteland
vt.///, Northumberland
- . NE20 9BE )
EX'““J\‘E &SNTENT y /Sign/re / Date 42k 257¢
PREPARATION WAVELENGTH R.l. OF IMMERSION 0OIL
Asaacscyy /}?fax/az SEEnm, /57
% /38 /44 £ 37 o35 TOTAL No. OF
/2 /.20 /'S¢ 0.37 PARTICLES MEASURED 2/
SE2 /S/ /3¢ 039 No.OF
ot s5r | 232 03¢ REFLECTIVITY (%) PARfICLES
74 /-0 /25 o3¢
Rmax.
_ o-37 5
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Fig. 6.

Capillary GC chromatogram of the saturate fraction
at 2170 m.
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Capillary GC chromatogram of the saturate fraction
at 2420 m.
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Capillary GC chromatogram of the saturate fraction at
2900 m.
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Capillary GC chromatogram of the saturate fraction

at 3050 m.
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Capillary GC chomatogram of the saturate fraction at
3600 m.
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Capillary GC chromatogram of the saturate fraction at
3810 m.
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