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SUMMARY

A geochemical survey was undertaken on 40 sediment samples
over the depth interval 1690 to 2254m (Early Tertiary to Late
Jurassic) for the offshore Norwegian well NOCS: 16/8-2. Poor
maturity trends were encountered, but it was established that all
sediments examined down to the top of the Permian salt were
immature for oil generation. In general, insignificant to poor
source~rock potentials were observed for all the sediments
examined with the exception of those which lay within the
carbonaceous mudstone beds of the Cretaceous Kimmeridge Clay
Formation (2191 to 2235m). Here were encountered sediments
of good to excellent source potential which were predominantly
0il prone.
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A total of 40 sediment samples comprising of 17 cuttings
and 23 side-wall cores were examined for this geochemical study.
These sediments were all within the depth interval 1690 to 2254m
as requested (1), and covered ages ranging from Early Tertiary
down to the Late Jurassic (just above the Jurassic mudstone/
Permian salt stratigraphic unconformity).

Although predominantly mudstones, most sediments examined
contained very low amounts of autochthonous vitrinite on which
to make reflectance measurements. In addition, inertinite and
reworked material were common. Many of the deeper sediments
contained significant amounts of bitumen as wisps, and as
staiding; As a result, Vitrinite Reflectance values were too
widespread to give a valid linear regression correlation with
depth. Autochthonous vitrinite Ro values did indicate however,
that the 0il Generation Threshold (OGT) had not been reached
before the Permian salt beds (Table 1). Visual Kerogen
sporomorph colour estimations agreed with 'this conclusion, the
deepest three sediments examined having kerogen spore colours
rated as "3" i.e.immature (Tables 2 and 2A). Although
unrealistic to quote an OGT value at this location because of
the Upper Jurassic/Permian unconformity at 2254m, if the
observed degree of diagenesis continued the OGT would not have
been expected before approximately 2800 - 3000m.

Visual Kerogen observations (Tables 2 and 2A) also
indicated the presence of a general zero source potential for
sediments of Early Tertiary down to Early Cretaceous = Valanginian
(Cromer Knoll Gp.) age. Exceptions were poor oil prone kerogens:
at 1690 - 1720m and poor-moderate oil prone kerogens ‘at 1990 - 2020m.
In contrast, sediments examined within the carbonaceous Lower
Cretaceous — Upper Berriasian (Kimmeridge Clay Fm) beds were shown
to contain good oil prone kerogens.

A more detailed Pyrolysis investigation (Table 3) confirmed
these suggestions with zero, or at best insignificant source
potentials for sediments examined between 1690 and 2185m (Early
Tertiary to the older Cromer Knoll Gp. sediments). Sediments of
the Kimmeridge Clay Formation down to 2235m all had very good to
excellent (MAX* 25 to 150) petroleum source potentials, while
those just below from 2236 to 2254m (Late Berriasian/Oxfordian)
returned to a zero/insignificant source potential once again.
Kimmeridge Clay Formation sediments were investigated further by
Pyrolysis—~Gas Chromatography (PGC) and were all found to be oil
prone, Gas-0il Generation Indices (GOGI's) ranged between 0.2
and 0.15. Source potential for oil ranged from very good to
excellent (MAX* 22 to 130) while that -for gas was from moderate
to very good (MAX* 3.6 to 20). Kerogen pyrolysate distributions
were of the "oil" type and were low in paraffin abundance
(Figures 1-5). Relatively low thermal volatilate (P1l)
abundances in relation to their corresponding kerogen pyrolysates
(P2) (i.e. P1/(P1 + P2)ratios of the order of only 2 - 5 per cent)
supports the immaturity of the sediments within the Kimmeridge
Clay Formation.
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Since low source potentials were indicated for the majority
of sediments the Soluble Extract Study was restricted to three
sediment cuttings~samples selected near the top (1720 - 1750 m),
middle (2020 - 2050 m), and bottom (2200 -~ 2230 m) of the total
depth interval examined. The deepest sediment was selected from
within the Kimmeridge Clay Formation. As expected, minor, almost
negligible amounts of soluble organic matter were extracted from
the shallower two sediments which gave rise to low Generation Indices
(TSE/TOC and SAC/TOC per mil ratios) with a marked odd-over—even carbon
preference in agreement with their immaturity. An intense red-coloured
extract was obtained from the 2200 - 2230 m sediment which a U.V.
adsorption spectrum analysis showed to be due to a very large
abundance of vanadyl porphyrins. Nickel porphyrins were also
detected, but in far lower abundance. In addition the SAC fraction
contained major proportions of steranes and triterpanes (Figure 6),
which meant that a normal-alkane Carbon Preference Index (CPI)
could not be calculated with any reliability. However, the normal-
alkane distribution observed, together with the predominance of
steranes/triterpanes did again suggest that the oil prone kerogen
from which they were derived was immature.

The organic richness of the sediments examined wére
evaluated in terms of Total Organic Carbon (TOC Zwt) contents (Table 4).
All Tertiary to Lower Cretaceous (excluding the Kimmeridge Clay
Fm.) mudstone sediments had poor to moderate (0.4 — 0.7 Zwt)
TOC's while the Upper Cretaceous limestones contained almost
negligible amounts (0.1 - 0.05 7Zwt) of organic carbon. The lone
sediment examined within the carbonaceous Kimmeridge Clay (2200 -~ 2230 m)
had an excellent content of organic carbon (14.5 Zwt). However,
the presence of significant amounts of the coal maceral inertinite
(as observed by reflected light .microscopy) within most kerogens
would tend to lessen the source potential suggested by these TOC
values.

Kerogen stable carbon isotope ratios (§13Cppp-1 per mil)
were determined for demineralised and demineralised-after-pyrolysed
(at 5000C) sediment from 2200 - 2230 m. In addition, 813Cppp-1 ratios
were determined for the pyrolysate and Total Soluble Extract (TSE)
obtained from the same depth sediment. The carbon isotope result
for the kerogen (Table 7) of -26.7 per mil implies that it is
of marginal marine origin and which contains a high input of
land-derived material. Such a sediment would usually be expected
to generate oil with §13 Cppp-1 ratios of around =28 to -29 per mil,
ie, isotopically lighter. In this instance however, pyrolysate
and TSE have ratios of only 26,5 and -26.0 resepectively,
that is, marginally isotopically heavier. A possible explanation
for this occurrence may be the very high content (90 per cent) of
isotopically heavy aromatic and residue fractions in the TSE with a low
content of isotopically light SAC.
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An additional carbon isotope study was attempted on
individual saturate, aromatic and residue fractions prepared by
HPLC from a sample of pyrolysate. Unfortunately, there was
insufficient saturate fraction material for an isotope analysis,
but both the aromatic and residue fractions had isotope ratios
determined at —-25.4 per mil, which gives support for the kerogen
being the source of the TSE. The kerogen pyrolysate distribution
for this 2200 - 30 m sediment determined by PGC showed a large
aromatic/naphthenic content (Figure 2)., This is similar to
results recently obtained for some East Midlands coal samples that
are believed to have originated from a general brackish environment
and it is likely that this sediment may have had a similar origin.
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MAX* = Maximum theoretical hydrocarbon yield in kg/tonne

Reference

(1) Grange, A,M,, BP Pet Dev Ltd, Norway, communication: AMG/
lgn/665/1 651/4/80/16  12th September 1980.
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TABLE 1

_ WELL: NOCS 16/8-2 , ‘
LOCATION: NORTH SEA (NORWEGIAN SECTORY. =

DEPTH . REFLECTANCE ERTNIP S CO“MENTSA EN T
(m)  VALUES({(ZRo) :

B e o e ae oo R D PP I Gasn YLl SR e i VALY Gl SSE SN SO VNS S Gmit SO GRS MMS SLE SI06 YPOR NS D00 bUVS daeh Su0s SAS) Sees

NP L P L e s i S . B e i e 0 i, ot Ay e 2 omemp e t n e L e e

1690 .43(10) . L~MOD/DOM R+I/ONLY F ¥ PAR  (Y+Y/O)
1720 L, 41¢1),6(1) L/SML PAR I-COR+R/TWO V W PAR (Y)
1721 L 41(3) © L/SML I+R PAR/V DOUETFUL/F EW (Y/0+MID 0)
1725  ,45(14) L-MOD/I+R PAR/F V PAR-TRUE?/0CC BW (LIGHT 0)
1744 A2) L/SML COR I SP+R PAR/TWO TRUE V SP  (Y/0)
17487 7U25(3).5(8) 7 L-MOD/R+I PAR/TR TRUE V+B ~(Y+Y/Q) ~~ = = -
1750  .7¢2) L/COR I+R PAR/ONLY TWO V PAR LOC/EW+ELEES (Y/0)
1751 .53(4) TR/F I+R PAR/F SP POSS TRUE V (Y/0) |
1780 L49¢1) ‘L/COR 1 SP+PAR/R/ONE V W PAR LOC (Y/D)
oy 1840  0(0) NDP (Y~FROM CAREBONATE)
| 1870  0() NDP (Y-FROM CAREONATE)
' 1950 L 37(2) " TR/I+R PAR/TWO V SP LOC (LIGHT O)
1960  .56(2).76(4)  L-MOD/GN I+R PAR/TR V-TRUE? (LIGHT O)
1965  .39¢(2) TR/I+R PAR/TWO V PAR LOC (NO FLUOR.)
1990 . 41(5) L~MOD/B ELEES+W/DOM I+R/ONLY V TR = (ND FLUOR.)
2007  .45(16) MOD/I+R PAR/SUB U PAR+W (Y+Y/0) -
2020  ,54¢15) L~MOD/I+R PAR/F TRUE V W PAR/E BLEES+W (Y/D)

2024 A45(5) ,22(1) L-MOD/I+R PAR/V TR+ B PAR (LIGHT+MID O
2050 «36(1) .35(1) L/I+R PAR/ONLY TWO V PAR LOC (Y)

2073 .38(12),66¢(1) L-MOD/I+R PAR/SUB TRUE V (LIGHT O) ]
2080  ,58(9).82{(1) L-MOD/DOM I+R PAR/F TRUE V PAR/EBW (Y+Y/O)

2110 62(3) L/F I+R PAR/THREE POS TRUE V PAR LOC (Y+Y/0)
2130  ,43(1).92(3)  TR-L/I+R PAR/LOWEST RO‘S MEASURED-INE TRUE? (Y/O)
2140 '“.5(6) ) L/I+R PAR/TR TRUE V/F LGN FR~ADDITIVE? (Y/0+DP 0)
2141 L58(1) L/M I+R PAR+ONE V PAR-TRUE?? (NO FLUOR.)
2158  .64(2).37(8)  TR/SHL V PAR+LGN/VAR RO-M R/NO I (ND FLUOR.)
2170 6¢0)y NDP/L/I+R PAR ONLY (Y/0) .
2182 .58(2) BAR/F V+R PAR-CAVED? (Y+MID O+CARBONATE)
2185 «73¢1),3(3) TR/BW/F V PAR-VAR RO (Y/0)
2191 L 43(21) STR BS+W/L/SML V PAR-M R (Y/D)
2200 +48(13) BS+W+BLEBS/L/I+R PAR/TR V W PAR (Y+Y/Q)
2230 62(4) ,33(2) VAR BS/F PAR VU+T BUT M R (Y+Y/0)
2231 4621 B SATURATED/L/V+I PAR (Y/0) ST

2233 1.01¢1).54(21) HEAVY RS+W/L V-VAR RO/TR I (Y/0)

s 2235 «48(19).29(4) ORBS+W/L V+1 PAR-VAR RO (Y/0+LIGHT 0)

2236  .46(20) - MOD OBS/ L I+R PAR/F V+B PAR-NO W (Y/0) ~
2233 44(11) F EBW/L I+Y/L0OW RO’S~-SOME TRUE*SOHE B? (Y/70+LT O
2254 . 74(8).47(1) TR-L/VU+I BUT M R (MID O

FIGURES IN PARENTHESES INDICATE NUMBER OF READINGS
TSEE LIST OF ABBREVIATIONS OVERLEAF = 7
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VITRINITE TABLE ABEREVIATIONS

s Wm0 Svun win S aeS G0N 200 SN SPPS S Gosh SS GVRl Jubl APOY BIS) S90S EISE B0SD SRS VORS ROED UNE SHOP SHI SN SVTS BORS.

ANS - ANISOTROPIC e B
BS -~ BITUMEN STAINING BW
BAR - VIRTUALLY BRARREN Cav
CARB ~ CARBARGILITE COR
CTGS - CUTTINGS pD
DMA - DRILLING MUD ADDITIVE DOM
F - FEW ~ FL
FR - FRAGMENTS G
GN -~ GNARLED

I - INERTINITE

L - LOW ORCANIC CONTENT LGN
LOW - LOWEST REFLECTANCES MEASURED ™
MOD -~ MODERATE ORGANIC CONTENT NDP
NTV - NO TRUE VITRINITE OkS
0CC - OCCASIONAL {1)4
P ~ POOR PAR
PL ~ PLENTIFUL-PLENTY POs
R - REWORKED RM
RO -~ REFLECTANCE MEASUREMENT RES
RICH - RICH-HIGH ORGANIC CONTENT s
8C -~ SCRUFFY SH
SLT - SILTSTONE SHL.
8P -~ BPECKS SUR
STC - STRUCTURE STR
TBE -~ TURRO-DRILLED TR
TEL - TELINITIC v
VL. -~ V,LOW ORGANIC CONTENT Vil
VAR - VARIABRLE (HIGH) RO VeT_
W ~ WISPS-WISPY

* ALLOCTHONOUS

~ BITUMEN )
-~ RITUMEN WISPS
- CAVED

~ CORRODED

- DIFFERENTIATION DIFFICULT
DOMINANT

~ FLUORESCENCE _

- GOOD

GRAN - GRANULARITY

INST ~ INTERSTITIAL

WH

- LIGNITE

- MOSTLY

- NO DETERMINATION POSSIBLE
- OVERALL RITUMEN STAINING
- INDICATIONS OF OXIDATION
PARTICLES

POSSIELY

REWORKED MATERIAL

RESIN

SOME

SHALE

SMALL

SUBORDINATE

STRONGLY

TRACE

VITRINITE

VITRINITE WISPS
VITRINITE STRINGERS
WHOL.LY

EQUAL PROPORTIONS

LI T N T TN TN N TN SN S A B A

SPORE FLUORESCENCE COLOURS UNDER U.V. LIGHT

G -~ GREEN
0 - ORANGE
LT - LIGHT
D -~ DEEP _

TvTIX UV

vt

YELLOUW
RED
MID
PALE _




Z

[N

p—

it

v

1620

1702

18008

192a

2029

2128

2200

2338

TABLE 1B

Vitrinite Reflectance Analysis

for well: NOCS 16/8-2

. 2 . 4 N
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. B 1 1.21.4 C(4Ro
l ] 1 L1

o
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]

OGT GGT OIL

® <1z>l [
1> .
<E”@@Ecu':» * |

B PO ey o %

* <1>

N. O. P.

N. D. P.
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@ = * @

® =
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® > * ¥ am

€15 5>
® l* 1>
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N
*0
v/

(¢=pe
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*
@ 1> l I
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N. B. P.
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Figures in parentheses indicate
number of indivdual Ro readinge

depth (md

® | ¥k

3
2L vk @ %y,
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l * (8>
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2>

¥ (4>

% <1
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Avtochthonous
Allochthonous
Bitumen wieps
or obaining
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oo S TABLE 2

R S e “UISUAL KEROGEN DESCRIPTIuNS;&:‘f” i
N WELL: NOCS 16/8-2 : L e

. LOCATION: NORTH SEA (NORHEGIAN§SECTOR).lx“ L :

’MbEPrﬂgg)h;msggggwgquugfV scuacs PDTENTIAL

C1e90 23 ,.Q._,POBR oI W. N
1744 2/3-3 NONE
de70 3 NoNetEeN

1950 . 34 NONE

1990  3-3/4 " POOR-MODERATE OIL
2050  3=4 NONE

2110 3~4 | NONE

2158 3-4 T NONE

2170 34 NONE

2200 3 GOOD OIL

e —
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Nlg| 15 3 a o g 2l8l I8l I8 g pla s
-500 Eg 8@ Qe E il gé\m & gm §8 Number %m
= 17 3 - & =i N & 5 >
;3§ pY | 22 & 3@ S (8 B 1D e i >z
A (7] (] Depth t —
5\ ! 1617 3? 2 N 9? 5$‘ E B epth in metres T 3
% m
BB B B B | B &1 | €] | B] | e S G
(/4]
E éF- = g:g g ’g g: Amount of Organic Matter
d ® ® ) L2 % Trace/Rare
® o w Common
o o ol |~ Frequent  MIOSPORES
v Abundant
® 5 :
L e ®  PHYTOPLANKTON
P ® ® ° ® PYIIES EXCLUDING TASMANITIDS
[#.3
@ @ & |-
Iy TASMANITIDS
w
Py -
~ FORAM LININGS
W
N MEGASPORES
W
._‘ -
X |» OTHER MICROFOSSILS
[ X
[ X oL I
© CUTICLES
) <
® o ® ® ® (1 ® (J ® LI
w OTHER TISSUES
&
Y ® el |5 .
e BROWN WOOD': LIGNITE
¢
L.J . o A > BLACK ‘'WOOD': VITRINITE
® ® ® ® PY ® 3 + INERTINITE
o BLACK 'WOOD':
5 INERTINITE ONLY
L] ® 5
S e & Al ™ FINELY DISSEMINATED
ol el | | D [ ° L el 1o PARTICLES
® il oY e |&
¥ AMORPHOUS VASCULAR
3‘ PLANT MATERIAL
[ ] [ 3 LJ L ® ® 5
‘ ol |o AMORPHOUS MATTER OF
oL I ALGAL ORIGIN, MARINE (M)
L 1" /NON MARINE (N)
e ® good
® ° ° r ry Fy ° . ° fair PR ESSTEAF;\'IEAT ION
@ poor
< Reworking
® e ® ® undiff. mar. ENVIRONMENT
L ® ® ® ® H open mar. OF DEPOSITION
® H ® restricted mar.

[ ) nr. shore mar./strong terrig.infij
some mar. influence/brackish
non-mar./fieshwater

1 | I
e j® oh| o | el | | e ST 8T % -
~ % A -
[eli] ON O >y & COLOUR/MATURATION
(5]
o
~
g S E R VB B2 .
2 2 > @ > 3 = o
@ e 4 ® ! ® F3 o SOURCE POTENTIAL
b A s
2 g
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e
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® (1 5 Trace/Rare
w Common
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o5 5 |
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N
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?:i‘r’d PRESERVATION
° ry ° poor STATE
Reworking
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TABLE 3
- - ROCK-EVAL AND PYROLYSIS DATA -

e e e o M pweem se m P . e - s e - wma e mo ge— e

WELL: NOCS 16/8-2
LOCATION: NORTH SEA (NORWEGIAN SECTOR).

— v e o b

DEPTH P1 P2 GOGI OIL YIELD
(M) KG/TONNE KG/TONNE -~ - KG/TONNE - - -

Sh on Bs SV S GOSN 906 SUas Sete S405 0N DEAS SN ean SGub A ABES U SN TARO SO RIUS SIS A0 e SO0 TET IS SR SH0S TP Bt B10s asee SHE RERE SRF BN ST SRA oy I Sun A SN In S s e

b 3

1690
1720
1721
1725 -
1744
1748
1750
1751
1780
1810
18440
1870
1950
1960
1965
2007
2020
2024
2050
2075
2080
2110
2136
2140
2140 -
2158
2170
2182 -
2185
2191
2200
2231
2233
2235
2236
2253
2254

oo
P
[os

e « O~
PO s

]

oOVoo oo
[y

Y

b
D@L B O O OO0 O
I -t -

s o
H. OOoODDOD.
o o \
N a
t

2 38.9
15 103.5
148.6 15 129.2
16 22.4
i 3+ 40

v
[ory
g

c;‘gh&n—to\ml“- - F-2-2-3-F-E~-N-E-~F-T
o NN ‘
- odN
N oo

[~

GA8 YIELD
KG/TONNE

B e e L]
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LITHOLOGY AND TOC DATA .

D el SU0S SISV BAE S4SH SO SIS TREE Y0t ee Samt FUSS O Saph S405 S wvi SN Soms SN NG

WELL: NOCS 16/8-2
LOCATION: NORTH SEA (NORWEGIAN SECTOR).

B U\ VS VPRV PO - PRV

e e eoad - —— e -

DEPTH(m) AGE PICKED LITHOLOGY %TOC %CARBONATE
1690 PALAEOCENE C-MUDSTONE 0.4 15.7
1750 PALAEDCENE C-MUDSTONE 0.6 16,5
1780 PALAED./L-CRET.  C~MUDSTONE 0.5 19.2
1810 L-CRETACEOUS C-LIMESTONE 0.01 68.3
1870 L-CRETACEDUS C-LIMESTONE 0.05 70.1
.~ 1960 E-CRETACEDUS C-MUDSTONE 0.7 20.1

2020 E-CRETACEOUS C-MUDSTONE 0.5 29.7
2050 E-CRETACEOUS  C-MUDSTONE 0.5 24,9
2080 E-CRETACEDUS C-MUDSTONE 0.5 21.4
2170 E-CRETACEOUS C-MUDSTONE 0.4 22.8
2200 E-CRETACEOUS C-MUDSTONE 14.5 14.5
SAMPLE TYPES -

N-CORE SAMPLE _ D-DUTCROP

S-SIDEWALL CORE C-CUTTINGS
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TABLE S

SEDIMENTS SOLURLE EXTRACT DATA

tnn S0 SONP SURD SIS GYOE SumE G200 SOBE NeGD SULP PRE BAGE CME SME NP SUD SUEE SOOF L YOS SAGP SHSK DL SALS SIMS SUN) Mg SO 40I8.

WELL: NOCS 16/8-2 - - - - . -
LOCATION: NORTH SEA (NORWEGIAN SECTOR).

DEPTH TGC TSE/TOC SAC/TOC CPI ASPHALTENES

(M) pARE , 0o/00 0/00 Zut
1720 , NO TOC DETERMINATION 1z n.d. n.d.
2020 9 4 <i n.d. n.d.

2200 14,5 - 63 b n.dv n.d.
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TAELE 6

SEDIMENTS SOLUEBLE EXTRACT. DATA . ..

ot ST BN S48 Sy HOS U0P SO St SenE See BT AbeQ SV Sy b -

WELL: NOCS 16/8-2
LOCATION: NORTH SEA (NORWEGIAN SECTOR).

DEPTH(#) ZSAC ZTSE PRIST/PHYT PRIST/C-17 PHYT/C~18
1720 VERY LOW AMOUNT OF EXTRACT OBTAINED

2020 VERY LOW AMOUNT OF EXTRACT OBTAINED

2200 ?.9 P15 n.d. n.d. n.d.

& e e




- TABLE 7

CAREON ISOTOPES DATA B 7

R s $0a0 Se0e Mag PR ied (PP SOUE SUNSUOE mab SEAS SVER A0S FeD B! S0 SO 000

WELL: NOCS 16/8-2
LOCATION: NORTH SEA (NORWEGIAN SECTOR).

DEPTH ISOTOPE RATIO SAMPLE TYPE

(n) PERMIL o7 v

2200 -26.7 - KEROGEN i } )
2200 ~ -26.8 PYROLYSED (@& 500°C? KEROGEN
2200 ~26.5 PYROLYSATE (TOTAL)

2200 -25.4 PYROLYSATE (AROMATIC FRACTION)
2200 -23.4 i PYROLYSATE (RESIDUE FRACTION)
2200 -26 ' T.S8.E.

C-13/C-12 ISOTOPE RATIOS RELATIVE TO PDR STANDARD

B e e




FIGURE 1

ILVSATIOHAD NI3IDO0AHITM

2’0 = 1909

WIBT= N

TTFTIAdNVS




ILVSATIOdH A" NIDOQHZTMA wpe a2 N ETTIdNVS

2

FIGURE

GL'0 = 1909




FIGURE 3

JLVSATIOHAD N3OO2HITIM

GL'0 = 1909

witess N

3TNV S




SLVSATIOHdAL NIZOO0OAHAIJ M wesz2 N EF3TIdNVS

FIGURE 4

gL*0 = 13209




FIGURE 5

SLVSATIOX A

GL'o0 = 1909

NIZOO2H=3M

oSS N

TTHTIAdWNV S




FIGURE 6
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