




SUMMARY : 

Based on the various analyses the following zonation i s  given: 

The whole analysed sequence i s  immature. 

Zone A and B ,  1695 - 1823 m: 
Limestone, f a i r  potential  as a source rock f o r  gas ( o i l ) .  

Zone C ,  1823 - l976 m: 
Cored in terval  . 

Zone D, 1976 - 2070 m: 
Sands tone. No indications of migrated hydrocarbons. 

Zone E ,  2070 - 2136 m: 
Limestone, f a i r  potential  as a source rock f o r  gas. 

Zone F ,  21 30 - 221 6 m: 
Sandstone mainly. Claystone and limestone a t  2200 - 2216 has a good 

potenti a1 as a source rock f o r  gas ( o i l  ) . 



EXPERI:.1ENTAL A N D  DESCRIPTION OF INTERPRETATION LEVELS 

Headspace gas analyses. 

One ml. of the headspace gas from each of the cans was analysed gas 
chromatographically f o r  l ight  hydrocarbons. The r e su l t s  a re  shown in Table 

Ia .  The canned samples were washed w i t h  temperated water on 4, 2, 1 and 
0.125 mm sieves t o  remove d r i l l i n g  mud and the rea f te r  dried a t  35'~.  

Total Organic Carbon (TOC)  . 

Picked cut t ings  of the various l i thofogies  i n  each sample were crushed i n  a 

centrifugal  mil l .  Aliquotes of the samples were then weighted in to  Leco 
c ru i s i b l e s  and t rea ted with hot 2N HC1 t o  remove carbonate and washed twice 
w i t h  d i s t i l l e d  water t o  remove traces of HC1. Thecrusibles were then placed 

i n  a vacuum oven a t  5 0 ' ~  and evacuated t o  20 mm Hg f o r  12 hrs. The samples 
were then analysed on a Leco E C 12  carbon determinator, t o  determine the 
to ta l  organic carbon (TOC) . 

Extractable Organic Matter (EOM) 

Frcm the TOC r e su l t s  samples were selected f o r  extraction.  Of the  selected 

samples, approximately 100 gm of each was extracted i n  a flow through 
system (Radke e t  a1 . , 1978 (Anal . chem. 49, 663-665)) f o r  10 min. using 
dichloromethane (DCtl) as solvent'. The DCM used a s  solvent was d i s t i l  led i n  

an a l l  g lass  apparatus t o  remove contaminants. 

Activated copper f i l i n g s  were used t o  remove any f ree  sulphur from the  

samples. 

After ext ract ion,  the solvent was removed on a Buchi Rotavapor and 
transferred to  a 50 m1 flask.  The r e s t  of the solvent  was then removed and 

the amount of extractable organic matter (EOM) determined. 



Chromatographic Separation. 

The extractable  organic matter (EOM) was separated in to  saturated f rac t ion ,  
aromatic f rac t ion  and non hydrocarbon f ract ion using a HPLC system with 

hexane as  el uant (Radke e t  a l . ,  Anal . Chem, 1980). The various f rac t ions  
were evaluated on a Buchi Rotavator and t ransferred t o  g las-via ls  and 
dried i n  a stream of nitrogen. The various r e su l t s  a r e  given in Table 111-VI. 

Gas chromatographic analyses. 

The sa tura ted f ract ion was di lu ted w i t h  n-hexane and analysed 'on a HP -5730 A 

gaschromatograph, f i t t e d  w i t h  a 25 m O V l O l  g lasscapi l lary  column and an 

automatic in jec t ion  system. Hydrogen (0.7 ml/min.) was used as  c a r r i e r  gas 

and the  in ject ion was performed i n  the s p l i t t  mode (1:ZO). 

Vi t r i n i t e  Reflectance. 

Samples, taken a t  various interval  S ,  were sent  f o r  v i  t r i n i t e  reflectance 

measurements a t  Geoconsultants, Newcastle-upon-Tyne. The samples were 

mounted i n  Bakelite res in  blocks; care being taken during the  se t t ing  of 

the p l a s t i c  t o  avoid temperatures i n  excess of 1 0 0 ~ ~ .  The samples where 

then ground, i n i t i a l l y  on a diamond lap  followed by two grades of corundum 

paper. All grinding and subsequent polishing stages i n  the preparation were 

carr ied  out using isopropyl alcohol as  lubr icant ,  s ince  water leads t o  the 
swelling and disintegration of the clay f ract ion of the samples. 

Polishing of the samples was performed on Selvyt c lo ths  using three grades 
of alumina, 5/20, 3/50 and Gamma, followed by careful cleaning of the  

surface. 

Reflectance deteminat ions  were carried out on a Lei t z  F1.P.V. microphoto- .. 
meter under o i l  immersion, R.I. 1.516 a t  a wavelength of 546 nm. The f i e l d  

measured was varied t o  s u i t  the s i ze  of the organic pa r t i c l e ,  b u t  was 
usually of the order of 2 micron diameter. 

The surface of the polished block was searched by the operator fo r  su i t ab le  

areas of v i t r i n i t i c  material in the sedinent. The reflectance of the organic 

pa r t i c l e  was determined r e l a t i ve  t o  optical g lass  standards o,f known 

reflectance.  Where possible, a min inum of twenty individual pa r t i c les  of 



v i t r i n i t e  was measured, a l t h o u g h  i n  many cases t h i s  number cou ld  n o t  be 

achieved. 

The  samples were a1 so analysed i n  UV l i g h t ,  and the co lour  of  the f luoress ing  

material determined. Be1 ow, a scale comparing the v i  trini t e  reflectance 

measurements and the fluorescence measurements are  given. 

I O/o CARBON CONTENT RA.F. 1 57 
6 2  70 7 3 76 79 80.5 82.5 84 85.5 1 
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 ELA AT ION SHIP' BETWEEN L I P T ~ N T T E  FLUORESCENCE COLOUR, V I T R I N I T E  REFLECTANCE 

AND.CARBON CONTENT I S  VARIABLE WITH D E P O S I T I O N A L  ENVIRONMENT AND 

.CATACENIC H I  STORY, THE ABOVE IS  ONLY' A G U I D E .  L ~ P T I N I T E  . W I L L  OFTEN . 
APPEAR TO PROGRESS TO DEEP O R A ~ G E  COLOUR A N D  THEN-FADE RATHER THAN . 

DEVELOP O/R AND RED SHADE, TERMINATION OF. FLUORESCENCE I S  ALSO 
VA R I ABLE'. 
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Processing hf Samples and Evaluation of Visual Kerogen 

Crushed rock samples were treated with hydrochloric and hydrofluoric acids 

t o  remove the minerals. A ser ies  of microscopic s l ides  contain strew mounts 
o f  the residue: 

T-sl ide represents the total acid ins01 uble residue. 

N-sl ide represents a screened residue (15 meshes). 

0-slide contains palynodebris remaining a f t e r  f lotat ion (Zn Br2) to  remove 

disturbing heavy mineral S.  

X-slides contain oxidized residues, (oxidizing may be required due to  

sapropel which embeds palynomorphs, or t o  high coalification preventing the 
identification of the various groups). 

T and/or 0 s l ides  are necessary to  evaluate kerogen composition/pa1ynofacies 

which i s  closely related t o  sample l i  thology. 

Screened or oxidized residues are normal ly  required to consentrate the 
larger fragments, and to  study palynornorphs (p01 len, spores and di no- 
f lagel la tes)  and cuticles for paleodating and colour evaluation. 

So f a r  visual evaluations of kerogen have been undertaken from residues 
mounted in glycerine je l ly ,  and studied by Lei tz  Dialux in normal l i gh t  

(halogene) using x10 and x63 objectives. By x63 magnification i t  i s  
possible t o  distinguish single particles of diameters about 2 and, i f  

wanted, t o  make a more refined classif icat ion of the screened residues 
(par t ic les  >l5 ). 

The colour evaluation i s  based on colour tones of spores and pollen 
(preferably) with support from other types of kerogen (woody material, 
cut ic les  and sapropel). These colours are dependant upon the maturity, b u t  

also are under influence of the paleo-environment (lithology of the rock, 

oxidation and decay processes). The colours and the estimated colour index 

of an individual sample may therefore deviate from those of the neighbouring 

samples. The techniques in visual kerogen studies are adopted from (Staplin 

1969 and Burgess 1974). 



In in terpre ta t ion of the maturity from the estimated colour indices we 

follow a general scheme tha t  i s  ca l ibra ted against  v i t r i n i t e  reflectance 

values ( R o ) .  

0.45 0.6 0.9 1.0 1.3 

Colour index 2- 2 2-1. 3 - 3 3+ 

Maturity 1 Moderate Ma.ture (o i l  window) Very mature 
in te rva l s  mature 

Rock- Eval Pyrol yses. 

100 mg crushed sample was p u t  in to  platinum crus ible  whose bottom and cover 

a re  made of sintered s tea l  and analysed on a Rock-Eval pyrolyser. 



RESULTS AND DISCUSSION 

Heads pace Analyses 

Based on the headspace analyses of the Cl - C7 hydrocarbons, together with 
la te r  information of core intervals, the analysed sequence of the well, 

1695-2216 m was divided into six zones. 

Zone A ,  1695 - 1770 m: All the cores from this  interval had open l id s  and 
headspace analyses were n o t  performed. 

Zone B ,  1770 - 1823 m: The abundance of both Cl - C4 and C5+ hydrocarbons 

i s  good for  th i s  zone, while the wetness of the gas i s  approximately 50% 
throughout the zone. 

Zone C, 1923 - 1976 m: The canned samples from this  interval were analysed, 
b u t  l a t e r  information reveals that this  interval was cored and evaluation 
on canned samples will therefore not be given. 

Zone D,  1976 - 2070 m: The abundance of both Cl - C4 and C5+ hydrocarbons i s  
poor throughout this  sandstone zone . The wetness of the gas i s  f a r  lower 

than in zone B while the iC4/nC4 i s  higher. 

Zone E ,  2070- 2130 m: This zone consists mainly of limestone and the abundance 

of Cl - C 4  i s  good. The wetness of the gas i s  again approximately 50% and 
the iC4/nC4 shows a steady decrease with increasing depth. A sharp drop i s  

observed for the abundance of both Cl - C4 and C5+ hydrocarbons a t  the 
lower end of this  zone. 

Zone F, 2130 - 2216: This zone consists mainly of sandstone. The abundance 

of l ight hydrocarbons i s  good both for Cl  - C4 and CS+, and a gentle increase 
i s  observed with increasing depth. 

Total Organic Carbon 

Organic carbon was measured on claystone and limestone cuttings, where 
these were available. Some of the samples consist mainly of mud additives, 

and very l i t t l e  or no true material was recorded. 



Zone A and B:  The true material in these zones was a l l  limestone, and the 
TOC i s  found to vary considerably from sample to  sample. This might be due 
to contamination of the samples or a strong variation in the organic 
material in the sarriples. 

Zone C: Cored interval. 

Zone D: Sandstone. 

Zone E: Again a zone with mainly limestone which i s  found to have a f a i r  
and good abundance of organic carbon. 

Zone F: The limestone and claystone in the lowermost sample were analysed, 
both showing a good abundance of organic carbon. 

Extraction and Chromatographic Separation 

Two samples, one from zone A and one from zone E were extracted. 

Zone A: Combined limestone cuttings from the depth interval 1695 - 1740 m 
were extracted and found to  have a rich abundance of extractable 
hydrocarbons, The hydrocarbons/organic carbon ra t io  (HC/TOC) i s  very h i g h  

indicating the sample to be contaminated by migrated hydrocarbons. The gas 
chromatogram of the saturated hydrocarbon fraction mainly shows a large 
unresolved envelope showing the hydrocarbons t o  be affected by 
biodegradation. 

Zone E:  Limestone from the 2070 - 85 m interval was extracted and found to 
have a good abundance of extractable hydrocarbons. The gas chromatogram of 
the saturated hydrocarbon fraction shows a large unresolved envelope in the 
heavy end together w i t h  a large i n p u t  of heavy n-a1 kanes w i t h  a low CPI 
value. The lower end of the gaschromatogram shows the pristane/nCI7 ra t io  
to  be approximately 1 while the pristane/phytane rat io  i s  s l ight ly below 1. 
A large number of strange compounds are observed i n  the Clg - CZ5 range. I t  
i s  believed that  this  gas chromatogram consists of an input from two 
sources. The heavy end could be from mainly te r res t r ia l  material, possibly 
reworked while the l i g h t  end could show some of the hydrocarbons from the 
true material . 



Vi tPi ni t e  Reflectance 

Ten samples were analysed in reflected l ight ,  and vi t r i n i  t e  reflectance 

measured. Below, each sample i s  discribed and together with the reflectance 
values are given together with other information from the analyses. 

Sample K4164, 1710 - 25 m: Shaly limestone, Ro = 0,41 (8). 

The sample has a very low organic content with a few small particles of 
v i t r in i t e  and iner t in i te  which i s  mainly restricted to a few shale cuttings 
with s l ight  bitumen staining. Some reworking i s  recorded. U V  l igh t  shows a 

ye1 l ow/orange f l  uorescence from spores and hydrocarbon specks together with 
a trace of exinite. 

Sample K4165, 1725 - 40 m: Shaly l imestone, Ro = 0,38 (6) and Ro = 0,85 (2). 

The sample has only a trace of organic material with a few particles of 
iner t in i te  and v i t r in i t e  mostly reworked. As in the sample above, most of 
the true v i t r i n i t e  particles are found in a few shaly cuttings. No wisps 

are recorded. U V  l i gh t  shows a yellow fluorescence from hydrocarbon specks 
and g1 obul es. 

Sample K4168, 1755 - 70 m: Shaly limestone. No determination possible. 
Most of the sample consists of dr i l l ing mud. Only a few specks of iner t i -  

ni te  were located in cuttings. UV l igh t  shows a yellow and yellow/orange 
fluor escence from spores and variable carbonate. Only a trace of exinite. 

Sample K4169, 1770 - 85 m: Shaly limestone Ro = 0,46 (1). 
Only a few phytoclasts and v i t r in i t e  particles were recorded and only one 
was considered possibly true. UV l ight  shows variable carbonate 
fluorescence and yellow/orange spores together with a trace of exinite. 

Sample K 4170, 1785 - 1800 m: Calcareous shale, Ro = 0,39 (8) and Ro = 0,64 (1).  

The sample has only a trace of organic material with a few particles of 
v i t r in i t e  and inertinite.  Mostly reworked, b u t  a few good looking v i t r in i  t e  
particles. u v  l ight shows a ye1 l ow/orange fluorescence from spores and 

yellow hydrocarbon specks together with a trace of exinite. 



Sample K4171, 1800 - 15 m: Limestone/sandstone. Ro = 0,57 (4). 
The sample has only a trace of organic material with a few gnarled and 
corroded particles,  mostly reworked, and iner t ini te .  UV l igh t  shows a 
ye1 low fluorescence from hydrocarbon specks and ye1 low/ orange spores 
together with a trace of exinite. 

Sample K4190, 2085 - 2100 m: Sil tstone and carbonate, Ro = 0,44 (20). 

The sample has a moderate organic content with particles of v i t r in i t e  and 
iner t in i te  in sil tstone. Mostly reworked material b u t  some good v i t r in i t e  
particles. UV l igh t  shows a variable carbonate fluorescence and l ight  
orange spores together w i t h  a low exinite content. 

Sample K4191, 2100 - 15 m: Sil tstone and carbonate, Ro = 0,39 (21). 

The sample has a moderate organic content with particles of v i t r in i t e  and 
iner t in i te ,  mostly i n  the sil tstone. Most of the v i t r in i t e  i s  reworked b u t  

some true material i s  recorded together with a trace of bitumen staining. 
UV l ight  shows a variably carbonate fluorescence and yellow/orange and 
l ight  orange spores together with a low exinite content. 

Sample K 4192, 2151 - 30 m: Carbonate and subordinate shale, Ro = 0,41 (20). 
The sample has a moderate organic content, mostly iner t in i te  and reworked 
particles,  which are rather gnarled, i n  the shale. A few poor v i t r in i t e  

particles and traces of bitumen are recorded. UV l ight shows a variable 
carbonate fluorescence and a yellow/orange and l ight  orange spores together 
with a moderate exinite content. 

Sample K4198, 2205 - 16 m: Shale and carbonate, Ro = 0,37 (21). 

Shale: Saturated in bitumen. Rich in v i t r in i t e  wisps and iner t in i te  
particles. 
Carbonate: A few gnarled iner t in i te  and reworked particles. UV l igh t  shows 

a yellow/orange and l ight  orange fluorescence from spores and hydrocarbon 
specks together with a low to moderate exinite content. 



Visual kerogen 

Six samples from the interval 1710 - 2216 m were processed for the evalu- 

ation of kerogen composition and maturity of this  well. 

The residues obtained were f a i r ly  large and well preserved. Only one 
sample, 2085 - 2100 m, contained large amounts of mud additives (d is t inc t  
from the indigenous organic material of this well). Small amounts of 
material interpreted as caved from higher u p  the well, however appear a t  
various levels. The analysis i s  performed on sl ides of the total acid 

insoluble residues with support only from screened residues, or from 
oxidized residues where the sample contained abundant coal i f ied material. 

Due to the low number of samples and the poor coverage in the middle of the 
interval we made no subdevi sion of the we1 l . However an upper marine 
interval, lasting a t  least  down to 1800 - 1815 m ,  may be distinguished from 
the more del ta ic  interval below 2085 m. 

Sample K4165 m ,  1710 - 25 m: Sapropel dominate and cysts are  present. 
Terrestrial remains, mostly finely disseminated material and darker woody 
(coaly) fragments, count for about 40%. Winged pollengrains dominate among 

the palynomorphs. The palynomorphs and cuticles are f a i r ly  well preserved 
to poorly preserved, and pyrite i s  present in the residue. Colour index: 
2-/2. 

Sample K4168, 1755 - 70 m: Half of the residue consists of te r res t r ia l  
material. The finely dispersed material resembles that of K4164. Cysts are  
re1 ativel y more common and dominate the pal ynomorphs. Woody (coal y) frag- 
ments seem increased, 25% of the assemblage. Colour index: 2-/2. 

Sample K4171, 1800 - 15 m: The residue i s  dominated by te r res t r ia l  
material , 60%, consisting of finely dispersed indeterminated herbaceous 
matter and woody (coaly) matter. Palynomorphs in chemically oxidized slides 

include cysts, pollen and spores of good or fa i r ly  good preservation. 

Colour index: 2-/2. 

Sample K 4190, 2085 - 2100 m: Coalified material dominates and includes 

a r t i f i c i a l  mud additives. After chemical oxidation remains a residue domi- 

nated by a varied te r res t r ia l  assemblage (60% or higher). The well 



preserved or f a i r ly  we1 l preserved palynomorphs include cysts, spores, and 
as dominant winged pollen grains. Colour index: 2-/2. or 2-. 

Sample K4191, 2100 - 15 m: Coal i f ied material dominates and includes some 
structured te r res t r ia l  material. There i s  a minor part of amorphous materi- 
al .  After chemical oxidation (dissolving most nonstructured woody material ) 
remains an assemblage of variably preserved palynomorphs. Winged pollen 
grains dominate, b u t  there are also f a i r  amounts of dinoflagellate cysts, 
and of caved te r t ia ry  material. Colour index: 2-/2 or 2-. 

Sample K 4198, 2205 - 16 m: Coalified material dominates and a minor part 
consists of amorphous material as in the sample above. After chemical oxi- 
dation the residue consists of spores, pollen, cuticles and of some woody 

structures. There i s  some indeterminate herbaceous material, and some 
freshwater algae. Colour index: 2-/2 or 2-. 

Rock Eval Pyrolyses 

Eight samples were pyrolysed on a Rock - Eval instrument. 

Zone E: The limestones in th is  zone are a l l  found to have low hydrogen 
indeces and high oxygen indeces typical for  kerogen type 111. Similar 
results are a1 so found for the claystone from 2115 - 30 m. 

Zone F: Only the claystone and limestone from the lowermost sample are 
analysed. The hydrogen indeces are s l ight ly higher than for the samples 
from zone E. This could indicate an input of some kerogen type 11, b u t  

s t i l l  mainly type 111. 



CONCLUSION 

In our evaluation of the source rock potential fo r  the analysed interval of 
t h i s  zone the richness i s  valued mainly from the organic carbon and l i g h t  
hydrocarbon data, while the type of kerogen i s  decided on the basis of the 
Rock - Eval and visual kerogen data. The maturity i s  evaluated from the  
vi trini t e  reflectance, visual kerogen and Rock - Eval data. 

On the basis of the above described analyses the whole sequence from 1695 - 
2216 m i s  found to  be immature. 

Zone A and B, 1695 - 1823 m: The samples from these zones contained very 
l i t t l e  t rue  material. The organic carbon values vary considerably fo r  the 
samples and the extracted cutt ings are  found to  be contaminated w i t h  mi- 
grated hydrocarbons which i s  biodegraded. This will eas i ly  a f f ec t  the rich- 
ness evaluation of the zones. However, based on the performed analyses, the 
limestone in these zones i s  found to  have a f a i r  potential as a source rock 
fo r  gas (o i l  ). 

Zone C,  1823 - 1976 m: Cored interval .  

Zone D ,  1976 - 2070 m: Mainly sandstone. Light hydrocarbon analyses i n d i -  

ca te  tha t  t h i s  zone does. not contain migrated hydrocarbons. 

Zone E,  2070 - 2136 m: This zone consists mainly of limestone which i s  
found to  have a large variat ion in the TOC measurements. Rock - Eval ana- 
lyses show the zone to  mainly contain kerogen type 111. Based on the various 
analyses t h i s  zone i s  found to have a f a i r  potential as a source rock fo r  
gas. 

Zone F, 2130 - 2216 m: This zone consists mainly of sandstone. Only the 
lowermost sample contains some limestone and claystone which i s  found t o  
have a good potential as a source rock fo r  gas ( o i l ) .  Indications of f ree  
hydrocarbon i n  t h i s  sample. 












































