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I INTRODUCTION

A suite of cutting samples and one sidewall
sample from the Norwegian off-shore well 31[2-3
have been studied to detect their source rock
properties.

A location sketch map is given on figure 1.

The samples cover the interval 1182 - 2601 m.

Source rock evaluation commonly comprises
determination of:
1. the presence (or absence) of hydrocarbons source
material in the rock samples;
2. the quality of the organic matter as well as the
distribution 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 hydrocarbons upon pyrolysis. The method
excludes any (”déad") organic matter such as

inertinites.

Y . . \ i
B CUN N VAR R P P VTS PRPERTRINE W - ORI -1 VU P AP VR, QK.M




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 oil accumulations.

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 with organic
solvents. A systematically lower value after extract-
ion ig due to the presence of extractable hydrocar-
bons. These may 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 indica-
tions of 30 or less do not represent (immature or
mature) source rocks. Values between 30 and 100 gene-
rally 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 oil/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
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is based on the hydrogen content of the organic

matter.

Source rocks with organic matter of kerogenous,
mainly kerogenous and/or mixed type generate predo-
minantly oil. Organic matter of humic type generates
gas only. Strata with 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 4is found. For this purpose a microsco-
pic investigation on polished rock fragments is

carried out.

The maturity of source rocks is expressed

in terms of degree of organic metamorphism. With

increasing degree of organic metamorphism the organic
matter is gradually carbonised while generating
hydrocarbons. With increased carbonification the
light reflectance of vitrinite, one of the coal
macerals, increases. The degree of organic metamor-

phism can be assessed by measuring this reflectance.

1) maceral: an organic constituent which can be

recognised with the microscope (with objectives
25x to 50 x).



I1 RESULTS

A summary of the analytical results is given below.
The results are displayed graphically on the geo-
chemical log {(enclosure 1) and are detailed on
table I.

The results discussed subsequently are partly due to the
presence of allochthonous coal particles used as drilling
mud~additives and do not visualize source rock properties

alone.

a) Source rock properties

- The section 1182 - 1464 m does not supply any source
rock indications.

~ From the interval 1648 - 1811 m some marginal to
genuine SRI values were obtained.

- The section 1828 ~ 1882 m supplied high SRI values,
often > 900 units.

- The part 1891 - 2224 m i8 characterized by values
varying irregularly from O to > 900.

- The interval 2233 - 2263 m shows genuine SRI wvalues,
ranging from 120 to > 900 units.

- The section 2272 - 2506 m is charcterized by strongly
fluctuating (mbstly marginal) SRI values.

- From underneath 2510 m no significant SRI values were
obtained.

b) Type of organic matter

The type of organic matter has been determined by pyrolysis

gas chromatography in some selected samples. All samples
showed an intermediate to low hydrogen content ('"mixed"

to "humic").
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c) Organic carbon content

The organic carbon contents, measured in some selected

samples, coincide fairly well with the amount of pyro-

lysable matter.

d) Maceral content

Sample 1660 m:

Sample 1792 m:

Sample 1867 m:

Sample 1873 m:

Sample 1942 m:

Sample 1996 m:

Rare sapropelic organic matter;

rare sporinite, cutinite, liptodetrinite;

few exsudatinite;

rare fusinite.

Few vitrinite (contamination).
Rare solid hydrocarbons,

Rare SOM;

rare liptodetrinite;

few exsudatinite.

Rare vitrinite {contamination).
Few solid hydrocarbons.

Autochthonous vitrinite commonj
resinite and liptodetrinite common;
abundant fusinite.

Some oxidation features,

Few SOM;

autochthonous vitrinite common, grading
into SOM;

sporinite and liptodetrinite common;
rare cutinite and resinite;

few exsudatinite;

fusinite common.

Vitrinite (contamination) common.

Solid hydrocarbons common.

Few SOM;

few autochthonous vitrinite,grading into
few sporinite and liptodetrinite;

rare cutinite and resinite;

few exsudatinite;

fusinite common.

Few vitrinite (contamination).

Few so0lid hydrocarbons,

Pyrite shows oxidation features.

Rare SOM;

few autochthonous vitrinite;

few sporinite and liptodetrinite;
rare cutinite and resinite;

few exsudatinite;

few fusinite.

Abundant vitrinite (contamination).
Pyrite shows oxidation features.
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Sample 2233 m: Few SOM;
few vitrinite (autochthonous), grading
into SOM;
few liptodetrinite;
rare sporinite and resinite, which shows
migration features;
rare microplankton;
few exsudatinite;
few fusinite.
Abundant vitrinite (contamination).
Rare solid hydrocarbons.
Pyrite shows oxidation features.

Sample 2299 m: Rare SOM;
rare autochthonous vitrinite;
rare sporinite, resinite and liptodetrinite;g
rare microplanktong
few exsudatinite;
rare fusinite.
Common vitrinite (contamination),
Resins showing migration features.
Sample partly oxidized.

Sample 2404 m: Rare SOM;
rare autochthonous vitrinite;
rare sporinite, cutinite and resinite;
few liptodetrinite;
rare microplankton;
few exsudatinite;
rare fusinite.,
Vitrinite (contamination) common.
Few solid hydrocarbons.
Resins showing migration features.
Sample severely oxidized.

Part of the vitrinite, present in all the cutting samples,
is characterized by a low maturity level not changing with
depth; it does not represent autochthonous organic matter

but some mud-additives.

el*,Degree of organic metamorphism

In the sidewall sample 1867 m the maturity level could
be estimated:
VR.E = 0055 - 00620
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ITT DISCUSSION AND CONCLUSIONS

As in nearly the whole section below a depth of approxi-
mately 1600 m coal particles have been used as an
additive to the drilling mud, the detection of genuine,
autochthonous source rock intervals is biased to some
extent.

However, a thorough microscopic investigation of a set

of selected samples, combined with the lithological
information from the completion log, allows the following

subdivisions:

The section 1648 - 1811 m, studied microscopically in

the samples 1660 and 1792 m, does not contain enough
autochthonous organic matter to qualify as a source

rock.

The interval 1828 - 1882 m, representing a coal-section,

is characterized by high SRI values ( > 900 units in
sidewall sample 1867 m). The (autochthonous) maceral
composition of the samples 1867 m and 1873 m is domi=a
nated by vitrinite, besides of various liptinites and,

in sample 1873 m, some SOM. This composition enables

the generation of gas mailnly. The liptinites and the

SOM can be regarded as the precursors of a minor amount
of oil. _

The maturity level has been estimated as VR.E = 0.55-0.62,
indicating an immature stage for any hydrocarbon

generation.

The high SRI values and the considerable organic carbon

content of the section 1891 - 2224 m are considered to

be due to caving from the above-mentioned interval and

to the mud-additives.



The coal-bearing interval 2233 - 2263 m was studied

microscopically in sample 2233 m. The major part of
the vitrinite is regarded as contamination, whereas
the SOM, the minor part of the vitrinite and the
liptinites are considered as autochthonous organic
matter. This composition enables theoretically the
generation of gas and oil. The overall habitat of

the SOM indicates an inferior oil potential, however.
Hence it follows that this interval contains source
rocks for gas only. They are immature for oil gener-
ation because ho conversion of the SOM could be

observed.

The section below 2263 m is considered to be barren

of source rocks. As shown in cutting samples 2299 and
2404 m, the significant pyrolysis yields are owing to

the common vitrinite regarded as mud-additives.




Stavanger

100 km

50

o
)
m \
) o .
3 ST 2 . /
- ~—
ﬁ% £ =
) h&
RSN |
©
[ Y4 o
0 o \ mm (o)}
A ) : _
s Xx
]
3\+\6\\%
B — J
A o LN T T 0 = Y
a = N
O
- | e~ 2
2 2 3 o
I——=—- \1;/:/ \\\\\\
\\\ /I/III
\\\ ~ -

F igur.e



s
N

- S

Taia I (PART i1 doll: 21/2-:
LEPTH TYPL sCoRLL SCLRiL TYPo CRGANIC
GF Relh R CH OF CARGON
CAMPLE JNIOLUCATION AINDICATION  UHOGALIC conTeny
MATTLIR
M SLECKL AFTER W
cXThe CXIR
i < od - -
1191 C . - -
) C .a - -
1206 C 3 ~ -
101 C io - ~
1lad ¢ Z5 - -
| R C e - -
124, C 23 - -
12.4% I e - -
1204 o ‘o - -
12i. C s - -
12451 C is - -
252 < is - -
12669 C ig - -
Il c e - -
1311 L 8 - -
v ¢ id - -
}13Z. v is - -
134y C i - -
2ol G 15 - -
1274 c 9 - -
12c¢3 L L3 _ _
1250 G id - -
J4G 4 C i5 - -
I4ic < is - -
JICRR - 5 ~ -
1eag < Ca 9 C -
lewe C iah 104 C ] 1.3
1689 C o 50 C -
167¢ ¢ 2 - -



ladot I Parl o1 At 3172-:2

e e e e o e te e m o ar mr ar  n  an — — E fe r  E ae  W ar — A P S e A e T M S N A W e o o e e = -

{{FIH [yt JdlKeb SUURCTE TYPg CROKANIC
af Ko lh RuCHK OF CAREON
SAWPLL INGICATIOUN AHUITCATION oRrRCALTIC CONTLNT
MAaTICR
I sLfCRL AFTER P
Lalho CXATIR .

JESe .~ 5 - =
1659 C 5 - -
f?..u L S - -
17.¢C C PR - -
17,6 L 15 - -
173¢ L ) Ju C -
1741 C - 4. -
]7.)\. C < - -
17¢l o - g -
17174 ¢ 45 4. C -
1763 C vl 10 C -
179 . (W 5. & -
JELa C <l 1o l «8
léla ¢ e gy C. -
Jéou C 20 117, -
12212 C 415 435 -
lége L > 9.0 > SJl -
leLo c P 9ol b 930 -
looy C P 9.0 > 9do MH -
1841 5 > 9.3 > 930 HMH -
1612 C > 5ud 2 330 -
1ede < z IRV TJdu 9.1
1843 L cuo 194 . -
ISéo < 3uh 2ou C -
1SLS c el 1o C -
1¥c4 C J o0 120 C -
1625 < 4575 34, -
154, ¢ P Yo 2 93y -
1641 C 15 by -
1655 C 3235 324 C -

. e e e am an e m em ws M S Gm W Me AR R T e e o e AR e s e e m s e R s R e A e am e e mA T m b s e e M am A e e e am e

Sew L e



’

| 1AL € i tPat ) silLs 1/42-32
(LFTa rype SO CRLL SULRLC IYPE CROANLILC
| N JF Rolh RUCK oF CAREDii
: CAMELE JNOICATION  INDICATION CRULAKIC  CUNTLNT
: YETTLR
l ¢ SLFIRL AFTLCR Sa
LaThe IXTR .
b
: 1644 L ol 190 C 245
‘ 1960 C > 9LL 9. HiH -
| (a7 C ool Su. -
| l) Cén < 132 1de -
S03L C L3 2L C -
r
| 2044 C J1s 20 C -
| PRSI C i S5e -
Y 2CGL L 2ud ladu -
‘ l eCs l 3eJ 285 -
‘ ) Lol < 433 3s5. C 7 -
]
) cuYL C 1.5 9L C -
i ' «1llo < ) - -
‘ l Z140 ¢ 1.5 74 -
\ Y 2189 < 113 100 -
o 2158 C LG 4o C -
[
‘ l) 21u1 ¢ G5 4 C 1.1
i i1l ¢ 145 13 -
I) clcl ¢ 1.5 du -
‘ 21u4 C 15 3o -
‘ 205 ¢ 133 8., C -
b
221y < 274 174 C. -
‘ 2224 C 120 95 -
l) B RA ¢ > SLd 9. H 1441
P C b 9 Su H 14e3
l) 24 ¢ i3 28u -
| . z2ub C 455 38u -
| 2203 C 143 124 -
I) el 1l C Cl 44 C -
! i2¢1 C Zic 134 -
» 1290 ¢ eh ou C -

- EE s e
O T O

A e em e e e e e P e e o e L am e e o n e e e e R - e e - MR R G T S e M v mam e e e e = -



! TAZLL I (PAET 4} dolbs s148-2
| (LPTh TYPE 45 WRLL 50uRCE TYpe CRGANIC
N UF RLCK RGCK uF CARCON
. SAMPLL ANDLCATION  INOICATION ORSAGLIC  CUGNITLNT
\ I MATT LR
! v RTINS AFIER -
) Lalkia LXIR.
1
S 295 N ies 1u. € -
c5Ce < id - -
‘ I) c111 < i3 - -
;o 3l < 1i3 9o -
‘ 23i. C i 7o C -
3
i
| 2347 ¢ <5 d. C -
‘ l) 2356 ¢ iz 5. l -
! c3ue C o 4. -
| i3 ¢ z5 3, C -
| I) RS L is - -
|
| ) 239:; (- AU‘ - -
I 40y C 25 2. C -
| i41. ¢ 5 11. l -
! AT C 153 14g -
I |) 421 ¢ 1.9 . C -
l
' 244 C ‘1.3 15 C -
‘ l> 455 < 135 14! MiH -
‘ ) zu.,q < 1od o -
‘ * il C Y 8. C 1.0
‘ l You ¢ o5 - -
)
|
‘ 437 C 45 35 C -
I 5k C 43 4o C -
D (533 ¢ 5 -
! (54 ¢ <5 - -
I) 533 C i0 - -
I) isHL c < - -
1 553 C Y - -
| ¢Sul C o - -
257‘ (\. S - ¢2
') (SE1 < 5 -
|
r
™
g |




s = N

| TAL & I tPART o)) wells “1722-2
|
T
I ELFLH TYP! SUCH AL SOJRLE TYPLE CRGANIC
j i RULLHK RGC K uf CARBONH
; ) SAMPLE ANZJILATIOh  INOICATION  CHGARIC  CONTINT
MATILR
v <UTORL AFTER S
I L)\Tku EX‘R.
R e
) 239~ L v - =
\ ;5‘7"1 L “ - -

TYPL Ci LsaMPol L 2 CUTTINCGS, R 2 CORe,y 5 T Slut.ALL SAMFLC

CINTANLIAATIOLN ¢ w T SALNUT FRAZHLUTS SRS
< COWLUPHALLD SHALJY, F - FLlcRLL, Pz Py

SIMILAR PROODLCT,
. iC
< - valIA“I[\h]-J Dv] HiNJU :-J[ -FLCAF‘{CU

Ok PALNT AND

>

LACH =) SulaCATeS ToST ol FMAGL, ASIEKRIOSKS InuILATE ThE
UiiAaLIL CARLUN CONILNT IS5 IHL AVURAGL FOR THE SAMPLES CONCIRNECUD

O wE N B OEE o gm Em o Em Ep A R S



INITIAL DISTRIBUTION

S copies area

e



e

GEOCHEMICAHL LOG

SCALE 1:5000

WELL 31/2-3
LOCQTION

REGEG IDENTIFIER

= w = Z.
= > & g o~
o = [de] ! = — = 10 B
— — o ~ SOURCE ROCK INDICRTICN & SOURCE ROCK INDICATION P —_ xr X L O
< T =] < N = = S - © Z &
" = = = = OF ORIGINAL SAMPLE : OF SAMPLE RFTER EXTRACTION WITH CHLOROFORM & - o5 W & e
: : . (= o -
& o w — = 100 200 300 400 500 600 & 100 200 300 400 500 600 z wl oo P « o
(= TS jam o o - . . o [ ] O~ - O =
i ] S i | | ] | l ] I ] :
1100— VALUES SMALLER THAN 30 RRE CONSIDERED 1100—
3 NGT TO BE OF SIGNIFICANCE .
1200—] — E 1200—]
1300— o o 1300—]
1400—] — - 1400—
. i E - HIGH SOURCE ROCK INDICATIONS AND HIGH .
1500—1] ORGANIC CARBON CONTENTS OF THE INTERVALS 1500~
] 1182-1811, 1891-2224 AND 2272-2506 M .
. ARE DUE TG ORGANIC CONTAMINANTS AND CAVING ’
1600— 1600—
" 1.0 - MIXED
1700— - . | | 1700—
; = . THE INTERVAL 1828 - 1882 M 1
’ — — 'CONTAINS IMMATURE SOURCE ROCKS - 3
1800 — —— FOR 0AS AND MINOR AMOUNTS OF OIL 1800— 0-8 MIXED
1 > z 3 NAINLY HUNIS
: : - 9-1 ’
1900~ 1900—
: {z2.9 y
2000 2000— HAINLY  HUMIC
. ] -~ HUNIC
2100— 2100— :
= —— — 111
2200—] 2200
E 4 14.1 14.3( Hunic
2300_: I — THE SECTION 2233 - 2253 M 2300—
. - CONTAINS IMMATURE GAS SOURCE ROCKS ]
2400~ :_ E 2400-
3 3 MRINLY HURIC
2500~ —— — 2500
. T _ J 0.2
2600—] — - 2600—]
2700—] 2700—
NUMBER OF SAMPLES RNALYSED 122 NUMBER OF SAMPLES ANRLYSED 73
L E G E N D KONINKLYKE/SHELL
. ] ) EXPLORRTIE EN PRODUKTIE melllﬂ
TYPE OF SAHPLE @= CORE _
= SIDEWALL SAMPLE | _
> GEOCHEMICAL LOG OF
CONTRMINRTION  C = UNSPECIFIED 3
N = MALNUTS 1_/2 3
E = CELLOPHANE
NGRHRY
F = FIBRES -
. ' REPe 80.203/156 Jewers 1 Joranonse 1




