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INTRODUCTION

A study of light hydrocarbons, vitrinite reflectivity, spore colouration,
maximum‘palaeqtempérature, and sourcé rock ﬁotential has been carried out on
samples from the section 5,500 to 9,810 feet of the Mobil Norway 33/9-3 Well.

Samples were analysed for‘sourcé)rock potentiai and spore colouration
at one hundred foot intetvals,  Light hydrocarbons, and maximum palaeotemperafures
were measured at intervals of approximately two hundred feet while vitrinite
réflectivity was deﬁermined on a seleétion of suiﬁable samﬁles.

The samples were'obtainéd.as wet ditéh cﬁttings preserved in drilling
mud so tﬁat it‘ﬁés possible to,cérry out - gaseous and gasoline‘rangebhydfocarbons
’analyseé. Cofe.samples were obtained over.the-interval 7,950 to 8,570 feet.

'> Aftér washing in cold waéer to_rém0ve any contaminants thelsamples were
observed under the microscope and, where several lithologies occgrréd in the
same sample, the iﬁdividual'lithologiés were sampled for their‘orgauic cafbon

content..

The age of the section ranges from Palaeocene to Lower Jurassic.
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ANALYTICAIL RESULTS AND INTERPRETATION.

1.  Lithology (Table 2)

The 1ithoiogies present in the.samélés analysed from,the 33/9;3‘we11
_ can be briefly described as follows:
5500 - 7210 feet - Calcareous mudstones of varyingiéhades
| from 1ight‘olive grey.to medium grey.
' Also;white to medium grey_limestones in
most samples, proportions varying from
ﬂﬁrace to 307 of the sample. |
7300 - 8110 feet T - A Light grey calcareous shale throughout
| the interval. Minor quantities of
ﬁudstone at 7300 aﬁd 7400 feet. White
limgstohé invminor amounts in samples
from 7900 and 8000 feet.
8200'7 8510 feet - Dark grey shale with 107 to 40% sand.
8600 - 9310 feet - N .Light.or medium grey shale with occasional
minor sand. Grey‘mudsfbne in the 8800 feet
sample, minor limestone in the 9000 feet
. sample.
9400 - 9810 feet - Mottled medium grey and medium dark grey
| shale with up to 60% white quartz sand
and occasional 1imestone or grey-red

mudstone. -

2. Maturation State of the Well

Four methods have been used to evaluate the state of maturation attained
in this well. These are a) gasoline and gaseous hydrocafbon analysis b) vitrinite
reflectivity determination c) spore colouration and d) maximum palaeotemperature

analysis,



S a. Light‘Hydrocérbon Analysis (Table 1 and Figures 1 and 2)

The.gaseous and gasoline range (C1 to 04 and CS to C7) hydfOcarbons

" have been analysed to determine the quantities and relative proportions of

the absorbed hydrocarbons in the kerogens. Twenty-six samples have been

analysed through the well section.

“Gageous Hydrocarbons

Hydrocarbons in the range C., to 04’ (méthane through n-butane), were

_ 1
found to be present in very small quantities; in all samples there was less
than 1 part per million. These values are rather less than would be expected,
some loss of gaseous hydrocarbons having occurred. However,it is believed

that the hydrocarbons will have escaped in relatively proportional amounts

and the results have been found relevant in determining the maturation state.

" Within a section the maturity can be determined by comparing the proportion

-of methane relative to the other C_ to C hydrocarbons (ethane through to

2 4

' n-butane). TFor immature sediments only methane of biogenic origin is found,
“but with increasing maturity the other hydrocarbons in this range are generated

.causing’the relative proportion of methane to decrease.

‘The results of the analysis are included in Table 1 and Figure 1. Over
the interval 5,800 to 7,510 feet the samples were found to contain between
647 and 1007 methane. The. sediments are'considered to be.immature to ‘being
transitiénaliy mature at around 7,510 feet. The samples below 7,510 feet
contain much.smallér proportions of methane, (less than 297%), apart frqm
two probably anomaléus high values. 'Below’7,510 feet the section analysed
appears mature.

Gasoline Hydrocarbons

Generally,maturity is indicated when all the constituent gasolines as:

‘listed in Table 1 are found to be present in approximately equal amounts. The

difference in percentage abundance between any two gasoline components should
not be greater than one order of magnitude for a mature sediment. Immature

sediments usually exhibit some components often in very large percentage
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abundance, the total quantity of gasolines present be;ng low and generally
less than iOO ppb. |

From the results, (Table 1 and Figﬁre 2), the samﬁles between 5,500
and 6,740 feet appear immature as most of the component gasolines are
‘missing. Over the intérval 6,900 to 7,320 feet the nﬁmber of absent
components becomes less and the secgion appears transifibnal fetween immature
and mature. Over the interval 7,500 to 8,110.feet all the componénts are
preseﬁt and_the largest quantities of gasolines are ﬁoted._ Over the remaining.
part of the well section oﬁe; two, sometimes Ehree'componentAgasolines are
" absent. ihé_first four samples from 8,300 to 8,910 feet have in excesé of
~ 3000 ppb hydrocarbon,thdugh the remaining five samples. are rather lean with
382 ppb to 1581 ppb; However, it is beiieved that the onset of maturity is
~aﬁ around 7,500 feet agfeeing with the gaseous hydrbcarbon analysis.

b.  Vitrinite Refléétivity (Table 3 aﬁd Figure 3)

The results of the vitrinite refléctiVity analysis give‘a fairly
¢omplicated picture due to the large amount of caved and reworked material
below 7,610 feet. The results are considered satisfactory above 7,600 feet
énd adequate below, nevertheléss,it is thought,that the rank gradient as
displayed in figure 3 is an accurate representation of the analysed section.

The trend within the Uppef Cretaceous ié well.defined with reflectivities
of about 0.357 at 6,000 feet and increasing to only around 0.43% at 7,800 feet.
Between this depth and 8,100 feet theré occurs a marked increase in vitrinite
feflectivity coinciding with thé unconformity(between the Upper Cretaceous
aﬁd the Middle Jurassic. At 8,100 feet refiectivities of 0.467 were recorded
and with incieasing depth values rise to O.SBZbat 9,410 feet. Below 9,410
feet it is beliéved that the material observed was non—indigenous and probably
caved. This lattét material with a reflectivity ranging from 0.30% to 0.387%
is wideséread'and was noticed in most of theisamples between 7,810 and 9,810

feet.



Examination Ultraviolet Light

On examination in ultraviolet light many samples showed variable
fluorescence between ohé cutting and another, spores being common in almost
every sample analysed. These spores fluoresced ygllow or oréngg, though.
yellow fluorescence seemed dominant in the shallower samples. Within the
. interval 6,010 to 7,610 feet only low to moderate contents of exinite were
observed, though bélowvthis depth, and down to 9,410 feet the séméles showed
moderate to rich contehts; The Sampiesﬂfrom 9,610 and 9,810 feet had only
trace and ﬁpderate contents of exinite.

c. Spofe Colouration Analysis (Table 3 and Figure 5)

The maturation of kerogen during diagenesis'haé beeﬁvdescribed by a
number of workers who have referred specifically to modification of séoropblleﬁin.
The procéss of matufation is considered to increase the visible colour
pigmentation of sporopllenin from pale yellow, through orange and brown to
black. Avéeﬁ point scale of colour indices has been used in fhis_studf which
comprises samples over the section from 5,500 to 9,810 feet. Within the
interval»7,950 to 8,570 feet core samples were obtained for analysis while
ovef the remainingAdeéths, ditch cuttings were ‘used. |

With increasing.depth from 5,500 to 7,950>feet spore colour indices
show a ﬁniform increase from around 2.5; indicative of immaturity, to 4.5;
indicative of méderate maturity. A sudden increase in the coléur index was
then noted, the sample from 8,055 feet giving a value of between 5 and 6.
This increase'isvattributed to an unconfbfmity between the Cretaceous and
Middle Jurassic. Colour indices of 5.5 were obtained on the sample from
8,570 feet and a uniform increase in spore éolouratibﬁ was seen with
increasing depth, values of 6.5 being meaéured on samples at the base of
the analysed.section, 9,816 feet. The latter interﬁal from 8,055 feet down,

is considered quite mature.

d. Maximum Palaeotemperature (Table 3 and Figure 4)

To some extent the results of the maximum palaeotemperature study give
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" information of elusive significance, particularly in that a palaeothermal

gradient of low value is obtained. It has already been noted in the

vitrinite reflectivity study that large amounts of caved and reworked

organic material are present and, since this will be present in the total

kerogen, in the palaeotemperature analysis these two categories of material
will be contributory towards the results.

For this well it can be seen that temperatures both at the top and

the bottom of the analysed section are fairly similar, though palaeotemperatures

do appear to be slightly higher iﬁ the lower part of the ‘'section.- The -
. . : ' . . ' ' o : o
majority of the samples have yielded palaeotemperatures of between 250 and

270° F.

Comparison of MaturationFIndices._(Tabie 3 and Figure 5)

Light.hydrocarbon analysis, vitrinite reflectivity, sbore colouration
dand maximum'palaeétempgraturé analysis have been used in a composité
evaluation of the well Section,_The latter_threé analyse; do not coincide
above #he uncénformity at around 8,000 feet betﬁeen thé Upper'Cretéceoﬁs
and Middle Jurassic. Below the unconformity the stages of'méturity indicated
by each of these parameters approach agreement and appeér to coincide near
the base of the analysed section,‘(figufe 5). Spore cologration is probably
most represéntative of the true‘stage of maturation of oii genérating organic
matter and would indicate the section to be immature above about 6,500 feet

and mature from about 7,500 feet downwards. Maturity of humic organic matter

‘is considered likely to produce gas when vitrinite reflectivity values

reach 0.4% to 0.5%, this range of values being enéountered between 7,000 aﬁd
8,000 feet in this section. Light hydrocarbon analysis has indicated the
section to‘be.immaﬁﬁfe above 6,700 feet, transitionélly mature between 6,706,
and around 7,300 feet and mature below 7,500 feet.

-The onset of maturity is thus considered to be found at about 7,500
feet and, between this depth and the base of the analysed section medium

gravity oils would be generated from oil-prone types of organic material.
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The maximum palaeotemperatures, since they do not give an erratic
ploﬁ, may feflect the chemical state of the predominqnt amorphous organic
contént..‘This suggest§ that a short lived period of heating, insufficient
in duration to affect vitrinites and spores has occurred and in tﬂis tectonic
environment may arise from a vertical redistribution of hot connate waters.

3. Source Rock Potential (Table 2 and Figures 6, 7 and 8)

On considering the results of the source rock analysis the section
has been divided into five parts, each of these intervals being discussed

'separately. : o . , o .

a.  Samples 1 to 16 (5,500 to 7,210 feet)

4 Within this interval the organicvcarbon conﬁent of the mainly mudstone
1ithology wasbfound torbe below average, the samples having_carboﬁ contents
ranging from107282 to 0;472. The extracfability.of the orgaﬁic,material'in '
sblvents_is'also low varying from less than 3.37 to 8.1%, apart from
sample 2, 5,600 feet,,ﬁith_é IOZ.extractability, thoughtvtd be due to hydro-
' carbonvCOnﬁamiﬁatipn. The saméles aré'very leén in hjdroéérbons, contentg
varying from less than 20 ppm‘to 85Appm, apart from 220 ppm hYdfocarbons
in the supposedly contaminated sémple 2 mentioned above, Sample mno. 6,
>6,100 feet, also appears contaminated in view of thé high proportion §f
: hyarocarbonshin its extract;but'general organic leanness. dn considering
1ike1y products and source rock richness all the samples appear to be too
lean in both organic_carbon and hydrocarbons to act as source rocks for any
‘type of hydrocarbon accumuiatién.

b. Samples 17 to 21 (7,300 to 7,710 feet)

Within this short interval, rebresentéd by light grey shales, the organic
‘carbon contents increase to just beléwvaverage values of 0.59% to 0.82%,
t&pical shales usually haviﬁg contents of 1% to 2%. . Extractability is quite
variable, from 3.17 (sampie 20}, Eo 13.22 (sample 17),'though hydrocarbon
contents do noﬁ exceed 90 ppm in any of thé samples; Due to the iow content

of hydrocarbons this interval is considered void of any prospective
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source rocks capable of producing liquid or gaseous hydrocarbon at their

ipresent level of maturity.

.

c. Samples 22 tq 29 (7,800 to 8,510 feet)
‘Organic‘carbon cohtents are highly variable over this short interval

whiqh is considered to span the ﬁnconformity between the Cretaceous and
Middle.JuraSSic sediments.v In maﬁy samples the carbon content of the

shales has been disguised by large proportions of sand, giving valugs of
frém'0.52tho 1.24%. Individual black shaly lithologies were hand-picked
| for organic carbon determination, values of 1.01%Z, 10.127 and.5.01%Z being
obtained on samples 23, 26 and 27 reSpéctiyely. Extractabiligies’are
rathér variable ranéing from 4.9% to 16;62,‘though most of the samples
gave values between 4.97 and 6.8Z. Hydrocarbon contents.are highly variable,
" three samples having low coﬁtenté of 70 ppm to 80 p#m, two samples having
>average content of 120 ppm and 250 ppm and two Samples“having above average
_contents of 460 ppm and 680 ppm. |

On considering likely hydrocarbon products and the richness of the

source récks together, sample 24 and 29 seem rather lean in hydrccarbons
indicating source rocks of no‘value. Sample 23, 7,900-10 feet, is indicated
as.a very good source foék for oil while in samples 22, 25 and 28 the source
rocks seem capable of providing fair quantities of gas—and-oil. Samples

26 aﬁd 27,contain organically rich, coaly shales within the sandsfone.and,

if these horizons are of sufficient.eitent both 1atera1iy and in thickness,

then they should constitute good gas sources.

d.. Samples 30 to 39 (8,600 to 9,510 feet)

" These samples comprising grey shales often with.sand, (probably caved),
have an average organic richness, the shales themselves haviﬁg contents of
vbefween’l.loz and 1.75% organic carbon. Extractability is fairly constant
- within this interva1 ranging.from 4,27 to 7.1%. Hydrocarbon contents are
rather iow with a total range of.45 ppm to 130 ppm, though the majority of

samples have contents of 80 ppm to 100 ppm hydrocarbons.

o o



-On considering the richness of the source rocks, gaé in limited
quantities seems most likely, good gas sources usually being found only

from source rocks with at least 1.5%7 to 2% organic carbon.

e, Samples 46 to 42 (9,600-to 9,810 feet)

These samplés'ﬁere found to contain large amounts.of sand, and ‘whgn
the individual shales were analyséd for their carbén_content, the values
QBtained were found to be much higher than those for the bulk sample. The
bulk éamples had a r;ngé in organic carbon COnfeﬁt of from 0.20% to 0,347
while the shales in,sample‘40 and 42 ﬁad contenté of 1.42% and 2.64%
réspectively; Extractabilities were found to be oﬁ the low side and in
no case greater than 6.1%. Hydrocérbén coﬁtents obtained were 80 ppm for
sample 41 and 130 ppm for sample 42. The proportions of eitracta?le organic
| carbon and hydrocarbon contents as indicated by figurés 6 and 7 sdggest that
these samples are oil—staiped,these indications being based on the low bulkb
sample carbon contents. If the shales are considered alone then they are
more likely to be source rocks capaEle‘of producing gas majbe with little

associated oil.
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CONCLUSION

As a result of maturation and source rock potential studies of the

section 5,500 to 9,810 feet in the Mobil 33/9-3 Well the following

conclusions have been reached.

L.t i. The intervaliS,SOO to 7,710 is immatﬁre or transitionally
maﬁure. The samples are fairly lean in organié_éarbon and in hydrocarbons
aﬁd the interval ié considered non—prospéctive.- |
-,ii; Within:the interval 7,800 to 8,510 feet}mature_sedimgnts arev
encountered. Certain shales in this interval are rich or very rich in organic

carbon and good contents of hydrocarbons are noticed. A shale from 7,900

feet is regdarded as being a potentially very good source rock for medium

gravity oil;'whilerther shales are potential sources of gas-with-oil and
gas.
iii. The interval 8,600 to 9,510 feet is thermally mature. The shales

have an average organic richness,but are lean in hydrocarbons. Gas would be

expected from these source rocks,though the interval appears only marginally

préspective.

iv. _The small interval 9,600 to 9,810 feet at the base ?f the
analysed sectipn'coﬁtéiﬁs shaies with sufficient organic carbon and hydrocarbonv
contents to provide.possible séurces of gas maybe with a little medium to

light oil. The interval is mature and could be marginally prospective.
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APPENDIX I

*ABBREVIATIONS USED IN ANALYTICAL DATA SHEETS

Sample not anélysed
No results obtained

Cement
Chert
Sand
Silt

Conglomerate

Claystone
Shale
Limestone
Lignite -
Sandy |

"Shaly
"Arenaceous

Calcareous
Oolitic

Ferruginous-

Fragments
Brown
Grey

Olive

White
Mottled
Soft

Trace

Slightly
Light
Medium

"Minor (< 10%)

Greyish green
Green and/to grey

. L.C.M.
Qtz -
Sst -
Sitst -
Mdst -
Cly -
Dol -
Chk - -
Musc -
Sity -
Arg -

Carb -

Mic -

Sil -

"Lam -

Pp -
Yel -
Gn -
Blk -
B l . -
Vgt -
"Hd -

Océ -

Dk -
Crs -
P)"r c -

Gn-gy = -

Lost circulation material

Quartz

Sandstone
Siltstone

~Mudstone

Clay
Dolomite
Chalk
Muscovite

Silty

Argillaceous

Carbonaceous’

Micaceous
Siliceous
Laminae/laminated
Purple '

. Yellow '

Green

Black

Blue
Variegated
Hard
Occasional
Very

Dark

Coarse
Pyrite/pyritic

Greenish grey



‘ TABLE 1
~GASEOQOUS AND _GASOLIFN E RANGE HYDRO.CARBONS
CLIENT. MOBTL _NORWAY WELL _____33/923_ LOCATION ;_LQQE?B__EEA __________
GAS (Ci- Ca)
sAMPLE NO. 1 3 6 9
DEPTH  FEET 5500 5800 6100 6500
P.P.M %0,4 Cyl P.PM | %C- 0.4 CP.PM. 1 %C"C, | PPM. 1 %C - Cy,
¢, % * 0.1 71 | .124 | 100 |o0.087 88
Cz * * <0.01 | <1 <0.01 <1 0.012 | 12
_C3 ® * <0.01 <1 ,<0.01. <1 <0.01‘ <1
iCq * * <0.01 <1 * K <0.01 <1
nCa % * 0.04 29 | <0.01. .01 | <1
TOTAL * * 0.14 : 106 0.12 100 0.099 100
_GASOLINE RANGE (Cs-C7)
SAMPLE NO. 1  3 6 9
DEPTH  FEET 5500 5800 6100 | 6500
P.P.B. |%Cs"C,| P.P.B. |%CsC,| P.P.B %Cs-C, | P-P.B. | %Cs-C,
ISO-PENTANE * * 26 3.0 * - % * *
N- PENTANE 17 18.3 389 45.1 111 43.2 * *
CYCLOPE NTANE 6 6.5 381 44,2 19 7.4 * *
2-ME. PENTANE * % * * * * * k-
3-ME. PENTANE * T 12 1.4 46 17.9 * %
N-HEX ANE 20 21.5 * * * * * %
ME. CYCLOPENTANE 8 8.6 6 0.7 12 4.7 * *
CYCLOHEXANE * * 31 3.6 * * * *
2-ME. HE XANE _* x * * * * * ®
' ) 3A-ME;HEXANE % % * * * * .* *
3-ETHYLPENTANE * * * % % * * %
N-HEPTANE 27 29.0 * * ‘13 5.1 * *
BENZENE 15 16.1 * * 56 | 21.8 % *
l,Z;DIME.CYC.PENT. * * * * & * * *
ME. CYCLOHEXANE * * 1_7 - 2.0 E * *,. *
TOTAL 93 100 862 : 100. 257 160 * *




TABLE 1 (Cont'd)

i

' GASEOUS AND GASOLINE RANGE HYDROCARBONS

CLIENT._MOBIL NORWAY

WELL 33/9-3

~GAS (Cy~ Ca)

L OéAT1O N .__NORTH SEA

1 SAMPLE NO. 11 _ 13 15 17
DEPTH  FEET 6700 * 6900 7100 7300
P.PM. |%C,~C, PRM. %C"Cq| PPM. | %C"Cy | prem %Cy~ Cy
¢ 0.0158 | 76 0.067] 87 | o.408 | 79 | 0.072 78
Gy '~ 0.036 17 <0.01 | < 1 | 0.049 9 |<o.010 | <1
Cq 0.014 7 <0.01 | < 1 0.052 10 [<o.01 | <1
ce <0.01 . <1 <0.01 | < 1 l<o0.01 | o<1 <0.01 <1
 nCa <0.01 41 ~0.01 13 0.01 - 2 0.02 22
 TOTAL 0.21 100 0.077 100 10.52 100 0.09 | 100
GASOLINE RANGE (Cs=-C7)
SAMPLE NO. 11 | 13 - 15 17
DEPTH FEET | 6700 6900 7100 7300 -
| P.P.B. |%Cs-Cy| PP B. %Cg" C7| P.P.B | %CsC, | P.P.B. | %CsC,
1SO-PENTANE 2 1.4 1 0.2 1 0.5 128 4.8
N- PENTANE - 111 78.7 4 1.0 5 2.3 149 5.6
CYCLOPENTANE 5 3.5 * * % * 19 0.7
2-ME. PENTANE * * 34 8.4_‘ * #® 241 9.b
3-ME. PENTANE 17 12.1 * x 14 6.6 123 | 4.6
N-HEXANE * * 62 15.4 7 3.3 433 16.2
ME. CYCLOPENTANE 6 . 4.3 * * 56 26.3 151 5.6
CYCLOHEXANE' * * 2 0.5 2 0.9 150 5.6
2-ME. HEXANE * * ‘.3 0.7 9 42 147 5.5
3-ME. HEXANE * * 53 13.2 2 0.9 172 6.4
3-ETHYLPENTANE * * 24' 6.0 20 9.4 144 5.4
N-HEPTANE * % 139 34.5 30 14.1 444 16.6
BENZENE x % 49 | 12.2 9 4.2 36 1.3
1,2 DIME.CYC.PENT. * ‘ * * R 5 2.3 % *-
ME. CYCLOHEXANE * * 32 7.9 53 2449 337 12..6 :
TOTAL 141 100 403 100 213 100 2674 100




"TABLE

1 (Cont'd)

' GASEOUS AND GASOLINE RANGE HYDROCARBONS

WELL __33/9-3.

GAS (Ci- Ca)

LOCATION ... NORTH SEA _______ '

| sampLE  NoO. 19 21 23 25
'DEPTH  FEET 7500 7700 7900 8100
P.PM. |%C~Cq| P.PM |%C-C,| P.RM 1 %c,;~c, | PP.M. |%C,-C,
¢ 0.075 | 64 0.092 | 28 0.083 | 24 0.053| 6
c2 .01 | <1 0.05 | 16 0.01 | <1 0.025| 3
Cs 0.011 9 0.111 | 34 0.015 4 | o.047| 52
iCa <0.01 <1 <0.01 | <1 0.057. 16 0.049 6
nCa 0.031 | 26 | 0.070]| 22 0.195.| 56 | 0.274| 33
TOTAL 0.12 100 0.32 | 100 0.35 100 0.83 | 100
GASOLINE RANGE (Cs=-Cy)
SAMPLE NO. 19 21 23 25
DEPTH  FEET 7500 7700 7900 8100
P.P.B. |%Cs"Cy;| P.P.B.. |%Cs Cy| P.P.B | %Cs Cy | PP.B. | %CsC,
ISO-PENTANE | 213 2.4 314 5.9 997 5.3 130 1.4
N-PENTANE 373 - 4.3 431 8.2 3692 19.8 322 3.5
CYCLOPENTANE 40 0.5 60 1.1 80 0.4 43 0.5
2-we. penTane | 343 4.0 339 | 6.4 | 1067 | 5.7 281 3.1
3-me.pENTANE | 180 2.1 165 3.1 541 2. 151
N-HEXANE 416 4.8 339 | 6.4 1423 7 521
ME. CYCLOPENTANE 251 2.9 291 5.5 655 3.5 291 3.2
CYCLOMEXANE 279 3.2 310 5.9 716 3.8 325 3.6
2-ME. HEXANE 459 5.3 229 4.3 960 5.1 256 2.8
3-ME. HEXANE 913 10.5 432 8.2 ,1371 7. 345 3.8
3. ETHYLPENTANE 347 4.0 203 3.8 496 2.7 180 2.0
N-HEPTANE 2166 25.0 997 18.9 3988 21.3 1002 ‘11.0
BENZENE 866 10.0 168 | 3.2 168 0.9 4224 | 46.5
I,2-0IME.CYC. PENT. 71 0.8 24 0.5 120 0.6 i9 0.2
ME. cycLoHExaNE | 1746 , 20.2 985 18.6 2412 12.9 98‘5 10.8
TOTAL 8663 100 5287 100 18686 100 9080 100
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TABLE 1

(Cont'd)

GASEOUS AND GASOLINE RANGE HYDROCARBONS

WELL .__.33/9-3

LOCATION

CLIENT.._MOBIL _NORWAY ... _NORTH.__SEA
“GAS (Ci~- Ca)
| saMPLE NO. 27 29 31 33
DEPTH  FEET. 8300 .8500 8700 8900
P. P.M. %-c, S N A | %Cy"Cyl P.PM. | %CmCy PPRM. %Cy- C4
¢ 0.028| 54 | o.089 | 1 o.00 | 8 [c0.00 *
Ca ' <0.01 <1 | o.015 2 |<co0.01 | <1 |<o0.01 *
Cs 0.012 23 | 0.213] 27 | o0.059 | 46  |<o.01 %
iCs <0.01 <1 0.092 | 12 0.012 | 9 . [<0.01 | *
nca ©0.012| 23 | 0.391 | 49 | owous | 36 0.02. | %
TOTAL 0.052| 100 | © 0.80. | 100 0.13 10.02 0.02 *
GASOLINE RANGE (Cs~Cq)
SAMPLE NO.’ 27 29 3 33
pEPTH FEET 8300 8500 8700 8900
P.P.B. |%CsC;| P.P.B. |%CsC,| P.P.B %Cg~C, | P.P.B. | %C4~C,
150-PENTANE 464 4.1 | 40 0.7 | 274 4.7 328 | 10.8
N- PENTANE 1083 9.5 129 2.3 668 11.6 375 12.4
CYCLOPENTANE 187 1.6 10 0.2 84 1.5 67 2.2
2-ME. PENTANE 525 4.6 106 1.9 255 4.4 229 7.5
3-ME. PENTANE 275 2.4 56 1.0 138 2.4 (127 4.2
N-HEXANE 841 7.3 | 244 b6 | s | 74 315 | 10.4
ME. CYCLOPENTANE 646 5.6 115 2.1 229 _ 4.0 218 » . 7.2
CYCLOHEXANE ,6774 5.9 507 | 9.0 228 3.9 230 7.6
2-ME. HE XANE 290 2.5 286 5.1 173 3.0 126 4.2
3-ME. HEXANE 364 3.2 259 4.6 175 3.0 123 4,1
3-ETHYLPENTANE 263 2.3 255 4.6 93 1.6 308 10.1
N- HEPTANE 139 1.2 | 232 4.1 | 9446 | 16.4 234 | 7.7
BENZENE 4379 38.3 | 2737 48.8 | 1310 22.7 * *
1,2- DIME.CYC.PENT. * * 12 0.2 ® * * * -
ME-CY.GLOHEXANE 1313 11.5 615 11.0 v79'.1 _ 13.7 356 11.7
TOTAL  [L1446 100 | 5603 100 | 5773 100 3036 100




| T ~ TABLE 1 (Cont'd) |
" GASEOUS AND GASOLINE RANGE HYDROCARBONS

33/9-3

CLIENT.... MOBIL NORWAY WELL LocaTioN ._NORTH_SEA

: ‘GA'S (Cl'— Ca)

| sampLE Mo 35 37 39 b
f DEPTH  TFEET 9100 9300 9500 9700
, - B P.EM. . %€y~ Cq P.PM. %Ci~Cqf P.PM. %C,"C, | P.P.M. %~ C,
- < 0.016 | 10 | 0.013| 2 |o.040 | 52 0.010 | 14
';5 Ce €0.01 <1 <0.01 | <1 [|<0.01 <1 <Q.Ql' <1
- ¢y 6.061 | 38. | 0.270| 45 |0.023 | 30 | 0.028 | 40
| icq I 0.019 | 12 | 0.060 | 10 [0.01 | <1 0.010 | 14
;} nCa "0.066 | 41 | 0.260| 43 |o0.014 | 18 0.022 | 31
TOTAL 0.16 T 100 0.6 | 106' 0.08 100 0.07 | 100
~ GASOLINE RANGE (Cs-Cy)
| sampLe o 35 37 39 41
DEPTH FEETF- 9100 9300 9500 A97ob
| P.P.B. |%Cs-C,| P.P.B. | %Cg C, | P.P.B %Cs- C, | PP.B | %CsmCy
i 150-PENTANE 38 7.0 10 | 1.0 44 2.8 25 6.5
N- PENTANE 76 14.0 18 1.8 171 {10.8 46 12.0
:CLOPENTANE ‘5 0.9 3 0.3 33 2.1 * *
2-ME. PENTANE 32 .9 15 | 1.5 | 113 7.1 16 4.2
VB-ME..PENTANE A 1_'6' : 3.0 8 0.8 74 ‘4.7 9 2.4
N-HEXANE 57 10.5 32 | 3.3 | 432 27.3 53 13.9
Me.cvcLopenTANE | 36 6.7 17 | 1.7 65 4.1 26 - 6.8
R 45 8.3 19 | 1.9 | 112 7.0 | 26 6.8
a-ME. nERARE 22 | 4. 22 | 2.2 k) 1.2 30 7.9
3-ME. HEXANE % K 35 3.6 59 3.7 31 8.1
3-ETHYLPENTANE 56 10.4 20 2.0 * * 13 3.4
N-HEPTANE 59 10.9 92 | 9.4 | 115 7.3 60 15.7
BENZENE * % 595 |60.5 | 223 14.1 8 %
1,2-DIME.CYC.PENT. * * ok ® * * * *
ME. CYGLONEXANE 99 | 18.3 97 9.9 | 121 7.7 47 12.3
ToTAL 541 | 100 983 100  [1561  [100 {382 100




GASEOUS AND GASOLINE RANGE HYDROCARBONS

TABLE 1 (Cont'd)

CLIENT.... MOBIL NORWAY weLL . 33/9-3 _ LocaTiON .. NORTH SEA
" GAS (Ci- Ca) A
| sAMPLE No. 42
DEPTH  FEET 9800
P. P.M. _°A,¢,-c4 p.eM. | %c-c.| PRM |%c-C, | PPM |%c -c,
(o 0.016 27 |
Ce - 0.003 5
Cs 0.012 20
iCa 0.007 12
nCa 0.021 36
'TorAL 0.06 100
GASOLINE RANGE (Cs - Cy)
SAMPLE NO. 42 |
DEPTH  FEET 9860
. P.P.B. |%Cs"Cqy| P.P.B. |%CsgCyi P.P.B %Cs-C, | P.P.B. %cs-c7
1SO-PENTANE 16 2.8 |
N- PENTANE 19 3.3
CYCLOPENTANE * *
2-ME. PENTANE - 36 6.3
3-ME. PENTANE 16 2.8
N-HEXANE 55 9.6
ME. CYCLOPENTANE 25 4.4
CYCLOHEXANE % %
2-ME. HEXANE - 61 10.6
3-ME.HEXANE - 59 10.3
3-ETHYLPENTANE * %
N- HEPTANE 140 24.4
BENZENE 84 14.7.
1,2- DIME.CYC.PENT. * *
ME. CYCLOHEXA.NEV ’ 62 ~10.8
TOTAL 573 100




L

L S, TR e

MAXIMUM PALAEOTEMPERATURE AND SOURCE ROCK POTENTIAL (Ciss FRACTION) DATA"

OPERATOR :MOBIL NORWAY WELL..33/9-3 ... LOCATION..NORTH SEA ___
TABLE 2 | - e T
o TOTAL EXTRACT ] HYDRO - | HYDRO - |SATURATES ¥ ]
o oeptH | epC MAXIMUM) ORGANIC |y rpacT| 9% OF |CARBONS|CARBONS| % OF REMARKS |
3 = . OF LITHOLOGY PALAE%- CARBON % PPM. OF |ORGANIC| PPM. OF %, OF HYDRO -
w z FEET | SAMPLE TEMP {°F)|l OF ROCK | RoCK | CARBON | ROCK [|EXTRACT| CARBON

! 5,500-20] Ctgs. |Lt ol—gy mdst+407 gn—gy - 0.31 140 4.5 - 20 - -
sl calc mdst+107 wht ' :

I1stn ' _

2 15,600-20 " Gn-gy sl calc mdst+10% - 0.31 310 10.0 220 71 93
wht ‘lstn - ’

3 15,800-20 " Gn-gy sl calc mdst+30% | - " 0.39 150 3.8 20 - -

: ol-gy sl calc mdst+tr :
wht I1stn C _ . _ )
4 |5,900-<20 " Ditto 253 0.32 140 b4 .25 18 > 80
5 16,000-200 " |Lt ol-gy mdst+30Z ol-gy| = - 10.33 120 3.6 45 . 36 > 80
' sl calc mdst+107 v 1t ' ' o ' :

_ gy lstn ' _

6 .|6,100~20 " Gn-gy mdst+507 ol-gy 268 0.33 120 3.6 . 85 68 > . 90
calc mdst+mnr med gy : ‘ ’
lstn ' o ‘ S _

7 |6,200-40 " |Lt ol-gy calc mdst+30% | - 0.36 | 120 3.3 20 16 > 80
ol-gy calc mdst+mnr wht
lstn+tr pyrites :

8 16,300~40 " Gn~gy calc mdst+10Z wht 251 0.32 180 - 5.6 50 29 > 90
lstn+mnr med gy lstn + ' ’
_ tr pyrites : . :
9 16,500-40 " |Ditto+ditto+ditto+mnr - 0.37  |< 120 - - - -
ol-gy mdst ' ‘
10 |6,600-40 " Lt ol-gy sl calc mdst+ - 0.34 {<120 - - - -
207 med lst gy mic mdst ‘
+mnr yell-gy calc mdst
“|+tr wht lstn

* SATURATES =

Sum of naphthenes normal and lIso-parcffins,




oy

MAXIMUM PALAEOTEMPERATURE AND SOURCE ROCK POTENTIAL (Ciss FRACTION) DATA"

| , OPERATOR .MOBIL NORWAY WELL.33/973 . LOCATION. NORTH SEA
TABLE 2 (Cont'd) S . ,
— TOTAL |EXTRACT]| HYDRO - | HYDRO - |SATURATES® -_
7. ' TYPE - MAXIMUMI ORGANIC 1oy rppcT| 9% OF |CARBONS|CARBONS| 9% OF ,
s z | DEPTH OF LITHOLOGY PALAEO - ICARBON %! oM oF |ORGANIC| P.PM. OF | 9% OF | HYDRO - REMARKS
G 2 | TFEET ' | SAMPLE TEMP (°F) OF ROCK| ROCK | CARBON | ROCK |EXTRACT| CARBON
11 |6,700-40] Ctgs. |Lt ol-gy calc mdst+30% 242 0.28 | <120 - - - -
v 1t gy lstn+tr pyrites
: + med dk gy lstn
12 |6,800-20{ " Lt ol-gy calc mdst+10% - 0.41 | <120 - - - -
v wht lstn + mnr med gy .
- lstn v ‘
13 16,900~40 " Mtl med 1t gy/lt ol-gy 239 0.47 | <220 - - - -
calc shly mdst+10%Z pale o
_ : red calc mdst : S
14 17.000-20 " Ditto - 0.47 | 380 . 8.1 60 16 > 90,
15 {7,100~20] " Lt gy sl calc mdst+50% | 255 0.39 | <120 - = - -
v 1t gy sl calc mdst + | -
mnr med dk gy lstn
16 |7,200-10 " Lt gy calc mdst+507 v - 0.46 <180 - ~ - -
: 1t gy calc mdst+207 . ‘ ‘
med 1t gy calc shly
) mdst : A _
17 |7,300-200 " Mtl 1t gy/med lt gy .| 242 0.59 780 13.2 60 8 > 90
calc slty . sh+10Z -1t gy ‘ ' . '
calc mdst ‘ A .
18 | 7,400-10 " Ditto+mnr pale red mdst| - 0.68 | 500 7.4. 70 13 90
19 |7,500-10 "  |Ditto - 0.81 | 450 5.6 60 13 - 83
20 |7,600-10, "  |Ditto - 0.80 | 250 | 3.1 35 14 | > 90 ,
21 7,700?1O " Ditto 261 0.82 510 6.2 90 18 133. J

"% SATURATES =

Sum of naphthenes normal and !so-paraffins.




TABLE 2 (cont'd.) OPERATQR1\-“[-0-}-3‘-];‘---I:IQ-R-T'-‘YAX WELL_.33/9=3 ... ... , LOCATION NORTH SEA ____.
- ' TOTAL JEXTRACT| HYDRO - | HYDRO - |SATURATES®
22| peprH TYTE MAXIMUM) ORGANIC le yrpacT| o, oF |CARBONS|CARBONS| % OF  REMARKS
-5 oF LITHOLOGY PALAEO - [CARBON Y% ppym  OF [ORGANIC| PPM. OF | 9% OF | HYDRO- _
@ =z | SAMPLE | TEMP (°F)|OF ROCK| 'Rock | CARBON | ROCK |EXTRACT| CARBON
22 |7,800-20] Ctgs. |Mtl 1t gy/med 1t gy 266 0.82 400 i.9 140 35 54
. calc slty sh+!107 1t gy o
- |calc mdst+mnr pale red
mdst ' o , ’
23 17,900-10 " Ditto+30% wht 1lstn 2‘55 0.95 1580 16.6 . 680 43 73
24 |8,000-10] " Mt1 1t gy/med-lt gy sh | - ' 0.67 400 | 6.0 80 19 68
o + mnr wht lstn o : - _
25 8,100-10 " Ditto 265 1.24 1200 9.7 - - 250" 21 41
26 18,200-10, "  |Ditto+10Z dk gy sh+10% - 1.11 | 1390 12.5 460 33 76
' ‘ snd+mnr wht mic sltst . - ' : -
27 |8,300-10 " Ditto + 107 ditto + 40%Z] 264 . | 0.81 | 500 6.2 (750 15 57
snd ' : ‘ ‘ . .
28 |8,400-10 " Ditto+307 snd - 0.52 600 11.5 | 120 20 67
29 |8,500-10, " Ditto+30% snd © 265 1.14 720 6.3 70 10 57
30 |8,600-10 " Ditto - 1.10 750 6.8 - 90 12 62
31 8,700~ 14 " Ditto 261 1.12 790 7.1 100 13 55
32 |8,800-10] " Ditto+20% med 1t gy - 1.14 550 4.8 45 8 | > 80
' . mdst _ L : ' '
‘33 {8,900-10] " Mtl med 1t gy/med dk gy| 257 1,32 590 4.5 80 14 85
sh

% SATURATES =

Sum of naphthenes normal and iso-paraffins,




I

MAXIMUM PALAEOTEMPERATURE AND SOURCE ROCK POTENTIAL '(C-t5+-FRACTIO'N), DATA -

- | OPERATOR ..MOBIL NORWAY WELL.33/973 ... LOCATION. NORTH SEA
TABLE 2 (cont'd) : . . ' -
w = i o TOTAL EXTRACT /| HYDRO - HYDRO - SATURATES* . - -
S u v TYPE MAXIMUM||ORGANIC ° . ; )
5 Z | DEPTH oF LITHOLOGY “|PALAEO - |cARBON % AN oéerrxfnc PRI ROUEALE D - REMARKS
w z | FEET | SAMPLE , - TEMP (°F) OF ROCK| 'ROCK | CARBON | ROCK |EXTRACT| CARBON
34 |9,000-10| Ctgs. Mtl med 1t gy/med dk gy - 1.29 540 4.2, 130 24 o1
' _ sh+mnr wht. lstn+mnr snd : :
35 |9,100-10| " Ditto | 269 1.37 620 4.5 . 80 13 89
36 {9,200-10] " Ditto+mnr snd - 1.34 650 4.9 80 13 86
37 l9,300-10] " Mt1 med gy/med dk gy | 252 1.37 | 640 | 4.7 1100 16 86
Sh . ) . ' " L . . .
38 .[9,400-10{ " |Ditto+40% crs wht snd - 0.71 | 430 6.1 1100 | 25 . 81
39 [9,500-10| " Ditto+50%ditto 258 0.52 | 260 5.0 80 29 > 90 -
40 -|9,600-10] " Ditto+307 dittotmnr gn-| - 0.20 |« 120 - - - -
. red mdst g
41 |9,700-10] " Ditto+60% dittolditto+ | 256 | 0.23 140 6.1 80 59 > 90
v tr wht lstn ' _ )
42 19,800-10f " Ditto+50% snd/sst#mnr | - 0.34 | 160 4.7 130 82 9%
: gy-red sh ‘ ' ‘ '
ORGANIC |CARBON DETERMINATION
1 Wht lstn 0.11
3 Wht lstn 0.10
5 0l1-gy sl calc mdst 0.19
8 Gn-gy calc mdst 0.35

% SATURATES = Sum of naphthenes normal and iso-pareffins, -




ORI

........

TABIE 2 (cont'd) OPERATOR .. MOBIL NORWAY WELL...33/973 . LocATION. NORTE SEA
| Tyee maximun| oRaAR1C | L e TR T s | Cansons| o oF
3% | oepTH OF _LITHOLOGY PALAEO - ||CARBON %| oot “or |oncanic| pam oF | - o oF | HYDRO - © REMARKS
ORGANIC [CARBON DETERMINATION (cont'd) ' | '
18 Pale red mdst 0.14
23 Mtl med 1t gy banded L
' slty sh o 1.01
26 Dk gy sh 10.12
27 Ditto 5.01
33 Med dk gy sh 1.75
38 Ditto 1.50
39 Ditto 1.30 -
40 Ditto 1.42
42 Ditto 2.04

% SATURATES = Sum of nophthenes riormal and Iso-pofofflns.



TABLE .3

-MATURITY DETERMINATIONS

COMPANY. . MOBIL, NORWAY, , . LOCATION. . .NQRTH SEA...... WELL..33/973 .. v ..

: ' o Maximum | - : :
Sam;:)l:No. Type of : R C " Palaeo. V.R. S.C.
’ 1 Y emarks de' .
Sample Depth | S2P1e ' Temp. % | Tndex
in feet F
5500-20 ‘Ctgs | - = j2.5-3
<00-20 . o . R R P
5800-20 o | - - | 0.3 13
5900-20 . e o 253 - | I
6000-20 |- " R - 0.34; 0.64 .| 3
610020 " - , 268 - 3
6200-40 | " | L - | o.75 3
6300-40 "o , R 251 - {3-3.5
6500~50 - - " - ' o] - 0.28; 0.38 3.5
6600-40 "o | | -} 0.3 3.5
6700-40 I 242 | - -
6s00-20 . | v | : | - 0.36 3.5
6900~40 " h . 239 | 4
7000-20 L - - “mo b 4
: determin—- ‘
_ A v ation
~|7100-20. T B . o ass - 4
“17200-10 N S - no 4
‘ ’ deter?in—
. . ation.
{7300-20 . = 242 - 4
7400-10 L o - ) 0.4y 4-4.s
| | 0.76; 1.02
7500~10 | o - o N P
7600-10 : " - , - 0.48 4.5
, .
7700~10 . . - 261 0.41 4.5
7800-10 L B . 266 0.343 0.46 | 4.5
7900-10 o - ' 255 0.40;  13-4-5
' o 0.77; 1.22
8000-10 ). - 0.49 5-6
8100-10 ) - 265 ©0.46 5-6
'|8200-10 -I) Ctgs : - | o0.33 - -
8300-10 ) and : : 264 0.46; 0.60 -
8400-10 ) Core : ' - 0.33 5-6
8500-10 ) ' 265 0.38;0.575-5.5




TABLE . 3 (Cont'd)

MATURITY DETERMINATIONS

i L COMPANY. MOBIL, NORWAY, .., LOCATION..NORTH $EA . . ... WELL...33/9%3.........
| ' Maximum : -
SR | Sample No. - : .
; g : I:)r Typelof v Remarks . »Palaeo.. V.R. S.'("?
it . . Sample Depth Samp e y o lgmp. % Index
in feet : : A {1 F
D] ss10-10 Ctgs | - - - | o0.37 5.6-6 .
e §700-10 "o o ' = 261 " no, 5.5-6
i o , : . o o {determina- :
I R R . ' S » tion »
B 8800-10 " - Ll .= [|0.31; 0.62 |6-6.5
'f 8900-10 " e | 257 0.48; 0.66  |6-6.5
000-10 o | o - 0.45__ | 6-6.
S | o | | _ o.3o;,o?57 >
9100-10 B : BT 269 0.61 6-6.5
9200-10 = AL o T - 0.30; 0.53 |6-6.5
9300-10 LU . 252 no_ - 6-6.5
. : B : : determina-
. . o : g ~tion
.0 ] 9400-10 . - ; o -~ ©0.39; | 5-6.5
| o S T | R - jo.53; 1.12 |
.; 9500-10 S S | 258 Cno - |5-6.5
4 . ldetermina-
_ : » A : tion ‘
19600-10 " - 0.32 5-6.5
9700~10 " A | 256 no, -
, - a ' . ' : determina— '
1 _ ‘ tion _
9800~10 .o o 1 - | 0.7  [s-6.5
( >



FIGURE I
GASEOUS (Ci~Ca) HYDROCARBONS
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FIGURE 2
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GASOLINE RANGE (Cs~C7) HYDROCARBONS
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{ THOUSANDS Of FEET

FIGURE 3
VITRINITE REFLECTIVITY AGAINST DEPTH
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FIGURE 4

 MAXIMUM PALAEOTEMPERATURE AGAINST
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" FIGURE 7
| MATURE  SOURCE ROCK RICHNESS
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