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SOURCE ROCK ANALYSIS OF CUTTINGS AND SIDEWALL
SAMPLES FROM WELL 31/2-8, NORWAY

I. INTRODUCTION

A source rock evaluation has been carried out on cuttings and

sidewall samples from well 31/2-8, Norway. The approximate
location is shown in Figure 1.

The samples are taken from interval 1736.0 to 3375.0 m, i.e.
Lower Tertiary to Triassic. Total depth was reached at 3375. o.m.
b.d.f.

Source rock evaluation commonly comprises determination of:
1. the presence (or absence) of hydrocarbon source material in
the rock samples;
2. the quality of the organic matter as well as the districution
of its specific constituents;

3. the degree of organic metamorphism (=level of maturity).

A source rock is identified by measuring the amount of

temperature reactive ("live") organic matter present, i.e. the
amount of organic matter that yields aydrocarbons upon pyrolysis.
The method excludes any ("dead") organic matter such as
inertinites.

In addition, the total organic carbon content can be
determined which gives the sum of "live" and "dead" organic
carbon. Rocks containing less than 0.5% organic carbon are not
considered to have a potential for commercial 01l accummulations.

The source rock indications (SRI), which are a measure of the
amount of pyrolysable organic matter, are determined on the
original samples and in certain cases also after extraction witn
organic solvents. A systematically lower value after extracsion
is due to the presence of extractable hydrocarbons. These zay
consist of trapped oil, o0il generated in situ by a source rock,
or e.g. gasoil used in the drilling fluid.

In general, samples with source rock indications orf 30 or
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1ess do not represent (immature or mature) source rocks. Values
petween 30 and 100 generally indicate marginal source rocks,
while values above 100 commonly indicate good source rocks.

Intervals or samples with high source rock indications are
investigated under a microscope to ensure that the high values
indicate genuine source rock properties and are not due to
contaminants of an organic nature such as lost circulation
material.

The quality of a source rock for 0il/gas generation depends
on the type of organic matter present. Five categories of organic
matter can be distinguished, viz.: humic, mainly humic, mixed,
mainly kerogenous, kerogenous. This classification is based on
the hydrogen content of the organic matter.

Source rocks with organic matter of kerogenous, mainly
kerogenous and/or mixed type generate predominantly oil. Organic
matter of humic type generates gas only. Strata witn organic
matter of mainly humic quality generate either gas, or gas and
oil.

In addition to the type and the concentration of the organic
matter, the source rock quality is also characterised by the
distribution of the typical organic constituents, or macerals1,in
the sediments. The maceral distribution can be used to further
qualify the source rock, especially when mainly humic quality 1is
found. For this purpose a microscopic investigation on polished
rock fragments is carried out.

The "maturity" of source rock is expressed in terms of degree

of organic metamorpnism. With increasing degree of organic

metamorphism the organic matter is gradually carbonised while
generating nydrocarbons. With increased carbonification the light
reflectance of vitrinite, one of the coal macerals, incresases.
The degree of organic metamorphism can be assessed by measuring
this reflectance.

1) maceral: an organic constituent which can be recognised with
the microscope (with objectives 25x to 50x)
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II. RESULTS

The results obtained are shown in Table I (source rock

indications, total organic carbon content, type of organic
matter) and Table II (Maceral description, comment lines) and
Figure 2 and 3 (Vitrinite reflectance histograms). The results
are summarised in Enclosure 1. (Geochemical log).

III. DISCUSSION
Interval 1736 to 1811 m

Only sample 1742 m shows a marginal source-~rock indication
(SRL) value of 40 units. This SRI value is probably due to the
presence of salt. It is therefore concluded that this interval
does not contain source rocks.

Interval 1820 to 1838 n

The samples of this interval show marginal to fairly good
source-rock indication (SRI) values. The maceral descriptions of
cutting sample 1829 m and of SWS 1826.5 and 1830.5 m reveal "few"
to "common" sapropelic organic matter (SOM) together with low
amounts ("few") of fusinite, sporinite, liptodetrinite and
microplankton.

The type of organic matter is "mixed". The total organic caroon
content amounts to 2.2% wt for sample 1829 m.

It is therefore concluded that interval 1820 to 1838 m contzins
marginal to fairly good source rocks for o0il and gas.

Interval 1889 to 2570 m

The samples of this interval show discontinuously margin2al to
fairly good SRI values, except for samples 2435 and 2444 m, which
show good SRI values, viz.240 and 285 units, respectively. Tae
organic carbon content as determined on three samples ranges
between 2.7 and 3.0% wt. The type of organic matter was
determined on samples 2069 and 2282 m, which were found to :a

"mainly humic", whereas sample 2444 was a "mainly kerogenous”
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type. The maceral description of samples 2069 and 2444 is almost
similar. Only the amount of liptinites present in sample 2444 n
is higher than in sample 2069 m. The sapropelic organic matter
(SOM) present in both samples is small and shows a non-favourable
distribution, indicating that the o0il generated cannot be
expelled.

Sample 2282 m contains small amounts of S0M, desmocollinite and
liptinites. The significant SRI value of sample 2207 m is due to
a microscopically observed contamination. It is therefore
concluded that this interval contains marginal to (fairly) good
source rocks for gas.

Interval 2570 to 2663 n

The samples of this interval show fairly good to excellent
SRI-values, together with a very high total organic carbon
content (Ct-values), viz.15.8 and 47.5% wt in samples 2579 ani
2633 m, respectively. The maceral descriptions reveal low ("few")
t
o)

(o]

very high ("abundant") amounts of vitrinite and lower amounts

~t,

different liptinites ("few to common"). The maceral content is
i

ja

agreement with the type of organic matter ("mainly humic").
is therefore concluded that this interval contains fairly good

H
ct

to excellent source rocks for gas.

Interval 2672. to 3048 m

The samples of this interval show discontinuously
insignificant to predominantly marginal SRI-values. The only
determined total organic carbon content revealed a Ct-value of
1.6% wt (sample 2795 m). The maceral content shows very low
amounts of SOM, desmocollinite and liptinites. The type of
organic matter is "humic"”. Based on these data i1t is concluded
that this interval may contain very marginal source rocks for gas
at the most.
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The samples of this interval show predominantly excellent
SRI-values together with high amounts of total organic carbon
(Ct=value = 18.9 for sample 3083). The maceral contents of the
four samples of this interval reveal fair quantities of SOM, the
amount being lowest in the middle and highest in the upper and
lower parts of the interval. A reversed relationship is obssrved
for the vitrinite content. The type of organic matter of saaple
3083 m ("mainly humic") is in agreement with the maceral content
of this sample. It is therefore concluded that interval 3050 to
3110 m contains an excellent source rock predominantly for gas,

but sample 3063.8 m may be regarded as a source rock for oil and

gas.

Interval 3119 m to 3375 m (TD)

All samples of this interval, except 3230 m (>900 units) and
3239.m (65 units), show insignificant SRI values. The maceral
description of sample 3228 m reveals only low amounts of SO and
desmocollinite and liptinites, sample 3230 m shows only fair
amounts of "common" telenite. The type of organic matter for this
sample is "mainly humic".

Consequently, it is concluded that from this interval only samplisz

3230 m may be regarded as an excellent source-rock for gas.

Degree of organic metamorphisnm

The samples, 2207, 2575, 2632,5 2633 3083 and 323C contain
vitrinite particles (see Figs. 2 and 3. comment lines) for which
it was possible to measure the reflectance. These VR values are
not completely reliable and therefore are to be regarded as

estimates only.
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Sample depth

2207 m
2575 m
2632.5 n
2633 m
3083 ir
3230 m

IV CONCLUSIONS
Interval 1736 to

Interval 1820 %o

source rocks for oil

Interval 1889 to

marginal to (fai-ly)

Interval 2570 to

source rocks for gas.

Interval 2672 to

rocks for gas at the

Interval 3050 to

- 6 - Confidential
VR DoM
0.5 56
0.55-065 58-60
0.8 65
0.74 63-64
0.61 60
0.4-0.6 53-60

1811 m does not contain source rocks.

1838 m contains marginal to fairly good
and gas.

2561 m may be regarded as predominantly

good source rocks for gas.

2663 m contains fairly good to excellent

3038 may be regarded as very marginal source

most.

3110 m contains excellent source rocks for

gas, while sample 3063.8 m may be regarded as source rocks for

0il and gas.

Sample 3230 m may be regarded as an excellent source rock for

gas.
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TARBLE I (PART 1) VELL: 31/2-¢
DEFTH TYPE sourceE SCUPRCE TYPE CRGANIC
OF POCK ROCK OF CARBON
SAMPLE INDICATION INDICATION ORGANIC CONTENT
MATTER
” BEFOPE AFTER IV
EXTP, EXTF.
1726 c 0 1% -
1742 C ?0 g -
1757 C 5 -
176¢ c 2 - -
1775 C 5 - -
1724 C 15 - -
1792 c 20 - -
18C2 Cc 15 - -
1811 C s - -
120 C §c ag -
1e29¢ r 135 1a5 M 2.2 v
1828 C 78 70 -
1839 C 5 - -
1878 c 5 - -
19C7 C 1s - =
191¢ r 5 - -
1928 C 5 - -
1934 C 10 - -
1942 C 40 ug -
1952 C 5 - -
1061 C < - -
197C C 30 Z5 -
1979 C E48i €0 -
1928 C 5C &5 -
1957 c 5 ST -
20Ce¢ C 50 55 -
<01¢ C 3L 35 -
2024 C 9N € -
2032 C EAN 5 -
2042 C 15 - =




TAELE I (PART 27 veeeL:d 31/2-8

e —— - —— - ——— = = —— " - - W — W W o - W — = —— - - W - — - - —

DEFTH TYPT source SQURCE TYPE CRGANIC
oF POCK ROCK oF CAPBOM
SAMPLE INDICATION INDICATION OPGANIC CONTENT
HATTEF
o BLFORE AFTER W
CXTR. EXTF.
20"l c st g -
2C €0 r g5 €5 -
2069 C 25 100 MH 2.9
2CTE C 85 cg -
2ce7 r 8% 110 ~
2C 3¢ c 7t 115 ~
2108 C 90 °g0 -
2117 C 5C £S ~
212¢ C 6C €5 -
2135 C s - -
21uy o iC - -
;182 C En a5 -
21€2 C 25 - -
2171 c 4c z5 -
2170 C 5n £s -
21FS C 4r ne -
21°7¢ c I s -
2207 r €ec T 50 C -
22 1€ C 41 s _ -
2225 r 5 - -
223y r 8¢ €S -
2242 r 4% ag -
2252 C €5 €5 -
22¢€l c c - -
227C r 15C 11C -
2282 C 155 15 MH 2e7
2291 c 90 A1) -
2300 C Ssn £5 -
2Zr9 C 20 115 -
2318 C 70 60 -




l TABLE T (PART 3) WELL: 31/2-8
l PEPTE TYPE <OURCE SOUPCE TYPE ORGANIC
cF FOCK rocCr. oF CAREON
SAMPLE INDICATION TINDICATION ORGANIC CONTENT
l MATTER
> BCFCRE AFTER b
FXTR. EYTP.
l 2327 c zc - -
2336 c 15 - -
l 2385 c €r us -
21T, . 50 €0 -
2363 € 140 135 -
' 2372 c 10c 105 -
2321 c 80 a0 -
l 2390 c 100 1Co -
2399 c 9 as -
. 2608 c 115 1ns -
N |
2517 c 100 og -
2526 r 7% 75 -
l 24 75 c 71€ 200 -
~q1g c z4Q 285 MK 3.0
' a4 3 c 18¢ 165 -
2662 c 130 175 -
2471 e 95 75 -
' 24 ]0 C T 75 -
2689 r yr £5 -
l 2y 9¢ c €5 50 -
2507 c G 20 -
l 2516 r st - -
257°s c 45 45 -
25 34 c < - -
l 2542 C 4C 8 -
2552 r 60 e -
l 2561 c gq nQ -
2570 r 155 110 -
2579 c 69¢C 695 o 15.¢
l 75 3¢ c z2C 2os -
I
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SCURCE
FOCK
IMDICATION

AFTER
EXTR,

- - — - — ——— ——— —— - - — - oy, = - W D = v G SR WD D WD W W AP T R G wn = . =

TAELE I (PART &)

DEPTH TYPE SOUFCE

CF ROCK
TAMPLE INGICATION

» BREFOPE

EXTR.
2507 c 14¢
o€ D€ c 12C
26 1€ r 165
2628 c 12C
o€ 23 c > eqr
2682 o 25¢
2erl c 730
26 €3 c 195
2672 C 7C
Rl c 40
7653 C 35
2778 c 3%
2717 c 5C
27726 c €q
273¢ r 2C
2741 r 3%
2759 c 13¢
27€¢e c 9C
2777 r 3
2786 c 70
270¢ c 11¢
28 CH C 105
28 1¢ c 70
2825 c 70
2831 c 55
2840 c ar
2870 « 15¢
2879 c 3
csee c 5
2874 C 35

1cs

(o
<

175
110
9rCo

220
2€0
175
70
40

35
25
70
75

ag
125
£s
a5

-y

1ro
30
6C

s

31/72-8

TYPE CRGANIC

or CAPBON
OFGANIC CONTENT
MATTER

U
MH 47.5
H le.€
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' TAELT I (PARY 51 WELL : 31/2-¢2
l CEFTH TYPF sgupcr SOURCE TYPE ORGAMIC
§ CF POCK POCK OF CAPBON
3 CAMPLE INDICATION INDICATION OPGANIC CONTENT
l ; S MATTER
3 M BECFOrF AFTER :4F]
FXTR. EXTR.
' 29Ce C 50 T -
Joqce C 20 - -
l 2924 C 80 70 -
2037 ¢ on €5 -
© 2942 C on €0 -
298] o 6n ug -
29¢p c 75 ) -
l 2969 c a 70 -
2978 c € - -
' 2087 c ] - -
299¢ c 5 - -
icne r 7C €a -
l 3017 C s - -
1029 C 185 130 -
' 3078 r 7% €0 -
_ 707G o 1E°C 160 -
0S¢ c 540 380 -
l >0eg C > oqgn > 9rp -
T0T4 C > ogn 620 -
' zee3 C > ©gon > 9no MH 18.9
7042 c > oaC > 9rp -
' 101 o eug yes -
' 3110 c > opC > 9rg -
7119 c 140 75 -
' 7128 C " 8gQ -
717y c 60 qs -
l 2143 r x5 20 -
1152 c 4% 25 -
3161 c 45 20 -
' 7176 c 45 15 -
I |




I (PZRT §) VELL: 31/7-8
TYPE SQURCE SCURCE TYPE ORGANIC
cF PCCK ROCK OF CAPRCN
TAVPLE INDICATION TIMDICATION OPGANIC CONTENT
S22 MATTER
M BCFCRFT AFTER W
CXTR. EXTP.

3179 q T - -
185 c s - -
104 c 2n - -
7202 r 2c - -
1212 C e - -
7221 o 10 - -
322G c > eogC > 9np MH -
12 3% o °C €5 -
282 c 2C - -
32¢1 C 15 - -
X260 C 2 - -
72¢© c 1r - -
z271¢° c 1% - -
32207 c £ - -
I29¢€ C 1€ - -
T30S C 20 - -
T30 C 47 s -
r3c0 c 1C - -
323 C 2% - -
x357 c 5 - -
I3%€ r € - -
T3¢ c £ - -
T TS (‘ [~ - -

—— - —— -~ - - = - ———— - D =D - = - - - e G e W D W . — -y o - wm W =

TYPD CF SAMPLE C = CUTTIMGS,

R = rorg,

S T SIDFWALL SAMPLE

CONTAMINATION = W - WALNUT FRAGMENTS OP SOME SIMILAR PRODUCT,

E
C

CELLOFHANF SHFECS, F = FTBPES, P = PLASTIC QR PAINT AMD
CCNTAMIMATEDR BUT KIMND NOT SPECIFICD

A DASH (-} INDICATES TEST NOT MADE, ASTERISKS INDICATE THE
OrPGANIC CAREOON CONTENT IS THE AVERAGE FOR THE SAMPLES CCNCERNED
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MACERAL DESCRIPTION QF
FROM WELL 31/2-8

20 SAMPLES

ChGANTC INCRL.
VITA, LIFTINITE INERT.
Rl GRE
e
o .
— —
—_— v —tal
a —_— | (T f—
= T} >l
[eag 1S E] - — = Zjr—fu e
Ol -— —la [ 8] pU U] V) —
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T || [ D — | O S | = — IO DT | — | Z || i
&.”r—p—-Db’"uC:_JCDr—CDEu_.L’)LLEZ:JLLC:;JJ

DEPTH | SAMPLE
IN M | TYPE
1826. 5 5. W. S.
1829.0| CTGS
1830. 5[ 5. W. S.
2069.0| CTGS
2207.0| C1GS
2282.0| CT1GS
2444.0| CTGS
2575. 0] S. . 5.
2578. 0] S. W. 5.
2575.0 CTGS
2615. 0| CTGS
2632.5] 5. n. S.
2633.0| CTGS
2795.0/ C1GS
3063.8|5.W.S.
3065. 8/ S. K. S.
3083.0| CTGS

R N

NN N

NN '

~
NN N

N

NN

~
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AN VE
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AR EE
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/i+ x|+ /] - x| /11
- / x|/ 5/
+ ++ +| - + |+ - /
+/ + + /% //
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- RARE

TABLE II (part 1)
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CSIbYINTH GINTAI0KN

CRGANITC
LIFTINITE

INERT.

JLINTYIIN
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ALINISNS
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NN N
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~~ O~

NQLUNY TJeYI1H

Rl GRE

A89 15 Y3H1L

GI1INbHWSHL

6123030445103

JLINTYLIGELII

JLINTG3Y

JLINTLNT

JLINTYOYS

VITA.

JLINTTI8I2n5 36

JLINT 131

JLINIT183013L

Y31 Lk 040 J| 134aHdYS

SAMPLE
TYFE

|

/| |+
avivan

/

W. S
W. S.
CTGS

S.

r

]

L BEGEN

mw
a =
Qo

Z 3 L)
D3 X (W[
N O W d
aT o uw a
¥ o+

M
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DEPTH

1

4

3100.
3228. 0} S.
3230.0
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TABLE II (part la
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TABLE. II(part 2)
COMMENT LINES FROM WELL/OUTCROF : 31/2-8

25633.0

3065.8

3083.0

3100.4

M

.o

.o

.o

..

-e

..

oo

.o

ve

oo

oo

.o

.o

.

.o

.o

S.0.M. FARTLY MICRINISED

RARE SOLID HYDROCAREONS
INITTAL. .CONVERSION. S.0.M.
SAMPLE SLIGHTLY OXIDISED

S.0.4. PARTLY CONVERTED

S.0.M. PARTLY CONVERTED
SAMFL E SLIGHTLY OXIDISED

SAMFLE SLIGHTLY OXIDISED
RARE COAL FARTCILES
RARE UNKNOUWN YELLOW FLUORESCENT MATTER(=CONTAMINATION 7?)

S.0.M. FARTLY CONVERTED
VITRINITE SHOWS OXIDATION FEATURES

SAMFLE FARTLY OXIDISED
VIT-1 GRADES INTO SEMI-FUSINITE GRADES INTO FUSINITE
VIT-1+MINERAL MATTERIVIT-1 PARTLY OXIDISED?SO NO VR POSSIBLE

S.0.M. FARTLY CONVERTED

VITRINITE-2 GRADES INTO S.0.M. ASSOCIATED WITH FRAM FYRITE
SAMFLE PARTLY OXIDISED

RARE MEGASFORES
VITRINITE-2 GRADES INTO S.0.M,
S,0.M. FARTLY CONVERTED

PYRITE SHOWS OXIDATION FEATURES

VITRINITE SHOWS OXIDATION FEATURES
S.0.M., FPARTLY CONVERTED
RARE ROTRYOCOCCUS FRAGMENTS

VITRINITE SHOWS OXIDATION FEATURES
S.0.1, FARTLY .CONVERTED
VITRINITE-2 GRADES INTO S.0.M.

SAMFLE OXIDISED
SAMFLE FARTLY -
SEVERELY OXIDISED
TELINITE/TELOCOLLINITE CAN NOT BE DISTINGUISHED
WEAK FLUORESCENCE COAL FARTICLESS RARE CANNEL COALS

SAMFL.E SLIGHTLY OXIDISED
S.0.M. FARTLY CONVERTED

S.80.M. PARTLY CONVERTED

DARK YELLOW/RROWN FLUORESCENT TELINITE
TABLE II
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