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| NTRODUCTI ON

Source rock potential and nmaxi nrum pal aeot enperature anal ysis was
carried out on the Conoco-Gulf 2/1-1 Well, drilled offshore Norway. The
sanples range in age fromTertiary in the first sanple at 3,880, through
to ?Jurassic ét a depth of 13,600'. Initially the ditch cuttings sanples
wer e exam ned fn conjunction with the ganma ray, sonic and lithologic |ogs
for the well in order to identify the major lithologies suitable for source
rpck potehtial analysis. On the basis of this exam nation thirty one sanples
were selected for analysis; of these, twenty nine were for source rock

potential analysis and ei ghteen were for maxi mum pal aeot enperature anal ysi s.

Drilling mud was renoved from the sanples by washing in water. The

sel ected sanples were then examined to ensure that they were free of any

contamination materials or obviously caved cuttings. Three different

lithol ogies were encountered mxed together in the sanples from the interva
10, 000"-10, 600'; hand-picked material from these sanples was used in the

anal ysi s.
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ANALYTI CAL AND | NTERPRETATI ON METHODS

" ANALYTI CAL METHODS

1. Sour ce Rock Potenti al Anal ysi s
' "A

"Source rock potential 'is defined as the potential of argillaceous sedi-

ments and carbonates to generate sufficient hydrocarbons for migration to.

‘produce commercial oilfields. The source rock potential analysis involves

the determ nation of the ampunt of organic matter. present in the sanples,
and the extraction of the fraction of the sanples which is soluble in a
solvent m xture. The soluble portion is then anal ysed by quantitative'thin
| ayer chromatography for hydrocarbons and other constituents (see Table).
The advantage in using thin layer chromatography is that analysis can

be conpleted on small samples in a short tine.

The organic carbon % is determ ned by a nmeasurenent of the CI? cont ent
of-'the sanples which is givenby changes in thermal conductivity in a Leco
carbon anal yser (after the renoval of carbonate material), The total organic
extract 7. is determned by the extraction of the sanples (at m nus sixty nesh)
with a benzene/ net hanol solvent over a period of twelve hours, followed by

ttie removal of inorganic and particulate contam nants. The extraction ratio %

is defined as foll ows
’ x 100

Organi c carbon 7.

The organic extract of the sanples conprises hydrocarbons (paraffins and
aromatics), resins and asphaltenes. These paraffins, aromatics and resins
plus asphaltenes are determned by thin layer chronatography on the cleaned
up organic extract. Densitonmetry is used to neasure the TLC fractions. The

anal ytical results are expressed as hydrocarbons ppm paraffins %in the




hydrocarbons i.e. paraffinicity, and total resins plus asphaltenes '/,. The
i aromatics 70 in the hydrocarbons is obtained by subtracting the paraffins 7.

val ue from 10070. Further details on the actual analytical procedures are

Li of a confidential nature.
.“!H
Ll 2. Maxi mum Pal aeot enperature Anal ysi s
Maxi num pal aeoteﬁ’p;erat ure is defined as the maxi num tenperature to which
LJ ‘ the sanmple has been subjected In its geological history, i.e. it reflects the
degree of organic diagenesis or maturity of the 'sarT'pI e. The maxi num pal aeo-

tenperature analysis is based on the fact that when kerogen is heated in

nature, for exanple as a result of increasing depth of burial w th sedinenta-

)

tion, stable i nt er medi at e conpounds are forned which are typical of the

[I:J maxi mum t enperature attai ned. In our analytical nethod, these internediate
n conpounds are quJantified using an el ectror{ spi n resonance spectroneter. The
u el ectron spin resonance measurenents are then calibrated against established
JIT standards and converted to maxi num pal aeot enper at ur es. In the anal ysis, tHe

kerogen present in the sanples is concentrated before the el ectron spin

m . resonance work is carried out. The electron spin resonance-kerogen nethod
H and the significance of organic maturity has_, been di scussed recently by

['-55 Y Pusey (1§73) ,

j LNTERPRETATL ON VETHQDS

L!] *e  _Source Rock Potential Analysis

o The _anal ytical results are Int er pret ed by a petrol eum geol ogi st and are
'|FJ initially checked for any anomal ous data resulting from the presence of non-

i ndi genous hydrocarbons in the sanples which was not detected in the sanple

v sel ection procedure. The main data credibility check is the extraction ratio

(% » and if this ratio is over 50% then contam nation by non-indi genous

£-3

hydrocarbons is Indicated in the sanple. Again, if resins and asphaltenes

-

Vi are absent or very low in sanples where hydrocarbons are detected, contam na-

'&é tlon is present. -3 .
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The principal paranmeter which establishes a sample as a rock with source

3

rock potential, is the hydrocarbons ppmvalue. |f the sample has a hydrocarbon

3t

content of over 350 ppm it is considered to be a rock with source rock
potential. The higher the hydrocarbons ppmvalue of a sanple is, then

generally the greater is its potential as a source rock. Sanples with a

hydrocarbon content below 350 ppm do not have source rock potential. This
{? threshol d value of 350 ppm has been established by extensive analysis of
j@ : source rocks associated with producing fields and petroliferous basins, on a
“ wor | d-wi de basis.. If a sanple has a hydrocarbon val ue of 300 to‘350‘ppra
Eﬂ’”‘ then obviously it is approaching close to source ;ock potential status and
| such samples are noted separately. \When the total organic extract of a
r? sampl e islless than 300 ppra (0.037,,), it cannot be regarded, by the above
definition, as a rock with source rock potential. Consequently thin |ayer
‘ chromat ography is not carried out on sanples which show a total organic
P extract of less than 0.037,. It nust be noted that the hydrocarbon threshold
y
m value of 350 ppmis 6n|y applicable to our particular analytical procedures.
[J The most typical source rocks show the following features in their

organi c extracts

S R An extraction ratio of 10-307»,

T &

ii. A paraffin content of the extractable hydrocarbons of over

607., and conversely an aromatic content of less than 407=

—_——
(]
.

Piii. A resins plus asphaltenes content of | ess than about 657,

These paraneters may vary from the above mentioned values in rocks with
source rock potential, however this fact does not detract from them having

source rock potenfial. Paraffinicity tends to increase with depth towards

= Jd 3 '

the mature end of the zone of potential generation of comercial oil; and

>

there is a corresponding decrease in resins plus asphaltenes val ues.

There is no cut-off limt on the organic carbon % data, and shales with

e R o1

- 4 =



organi ¢ carbon contents of less than 1% can be good source rocks. However

-{3 if no organic material is present or is very Low (less than 0.037. organic

T carbon), then the sanple cannot have source rock potential. A reasonable

A organic carbon content in a sanple pr-ovides encouraging data with regard

£} ' to source rock potential, however the determining factor is the hydrocarbons
ppm val ue. ' - &

2. Maxi mum Pal aeot enperature Anal ysis

An immture sanple (one that has not generated sufficient hydrocarbons)

o

has | ow maxi mum pal aeot enperatures. A mature sanple (one that has been hot
AN enough in its history to generate conmercial hydrbcarbons) has nedfum
maxi mum pal aeot enperatures. They'are indicative of oil potential (i.e. oil,
LJ ' oil and gaé zone). Sanples which have hi gh maxi mum pal aeot enperatures in
Pl excess of 300°F indicate only thermally génerated gas potential (i.e. dry
gas zone). Pusey (1973) has described examples from southern North America

N ‘ . -
¥ ] .

usi ng maxi mum pal aeot enperature anal ysi s.
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ANALYTI CAL RESULTS AND | NTERPRETATI ON

The results of the source rock potential and nmaxi num pal aeot enper at ur

analysis of the thirty one sanples are presented in Table 1.

1. .

Source Rock Potential (Figures 1 and 2)

e

The duality of the source rock potential analytical data is considered

to be very good. Exanmination of Table 1 and Figures 1 and 2 indicates

that the anal ysed sanples fall into four main groups:

a. Samples 3 to 17 fromthe 5,200 -9,940" interval (Tertiary)

These sanpl es conprise essentially a soft, olive to light olive-grey

nmudst one and shaly nudstone. They are characterised by an organic
carbon content of between 1,48/< and 3.327,, and a hydrocarbon content

of between 130 ppm and 490 ppm
O these fifteen sanmples, nunbers 3 to 6 (5,200 -6,520"), 9 to

1 (7,720'-8,260'), 13 (8,680 -8,740') and 17 (9, 940') are considered

to be rocks with source rock potential since they show hydrocarbon
contents which exceed the 350 ppm val ue dividing source rocks from
non-source rocks (see page 4). These sanples have paraffin contehts

of their extractable hydrocarbons ranging from457. to 90X and résins

pl us asphal tenes contents of these sanples are slightly high, in
geheral the source rock potential parameters conpare favourably with
those found in typi cal source rocks (see page 4),

Sanple 7 (6,940 -7,000') has a hydrocarbon content of 310 ppm
which is very close to the 350 ppm threshold value. The source rock
potential parameters are sinilar to those of the nine potentia

sour ce rocks.

The remaining five sanples have no source rock potential

pl us asphal tenes contents of between 62?7, and 87% Al though the resins

e o ami ey e - - e
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b. Sanples 18 (Upper Cretaceous : 10,000'-10,600' : picked |ithol ogies)
and 26 (?Lowgr Cretaceous : 12,220-80') :

These two sanples, fromthe top and the base of the chalk,
conprise a mediumgrey shale. They are characterised by an organic
carbon content of between 0.567- and 1.13% and by a hydrocarbon
content of between 260 ppm and 510 ppm

Sanpl e 18'{3 considered to be a rock with source rock po{entfa
since it has a hydrocarbon content exceeding the 350 ppm threshold
value. The source rock potential paraneters of this sanple conpare
wel | mﬂih simlar values from typical source rocks.

Sanpl e 26 has no source rock potentiar.

C. Sanples 19 to 25 from the 10,000'-12,280" interval (Upper Cretaceous)

These sanpl es conpri se essent{ally a very light grey to yellow sh
grey chalk (probably slightly inpure) with traces of light grey shale.

Sanple 19 (hand picked) conprises a greyish réd shale. These sanples

" are characterised by an organic carbon content of between 0.177. and

(15470Iand by a hydrocarbon content of between 40 ppm and 1,100 ppm
Sanples 23 to 25 (11,920'-12,280*) are considered to be rocks

with source rock potential since they show hydrocarbon contents

exceedi ng the 350 ppn1threshdid val ue. The source rock potentia

paraneters of these sanples conpare very well with simlar val ues

from typical source rocks.

Sanpl e 19 has a hydrocarbon content of 340 ppmwhich is very
close to the 350 ppn threshold palue. The source rock potenti al
paranmeters for this sanmple are simlar to the potential source rock
sanples 23 to 25. |

Sanples 20 to 22 have no source rock potential.,

de Sanples 27 to 31 fromthe 12, 880'-13, 540' interval (?Lower
Cretaceous- Jin: assic)

These five sanples conprise a dark grey, cal careous shale. They
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arc characterised by an organic carbon content of between 2.427. and
2.957., and by a hydrocarbon content of between 800 ppmand 2,900 ppm

Al'l of these sanples are considered to be rocks with source rock

potential since their hydrocarbon contents exceed the 350 ppm threshol d
value. In general the source rock potenti al paréneters of these
~sanpl es conparelmell with those found in typical source rocks.
2. Mese—rm-Ral aeot enperatlies (R guresw.3—and—44.
The quality of the maxi mum pal aeotenperature analytical data is

consi dered to be good.

A calculation of the linear regression between all the maxi num pal aeo-

tenperatures yields a maxi mum pal aeot enperature gradi ent of 1.4°F per 100

feet, a correlation coefficient of 0.93 and a surface intercept of 116°F

(see figure 3).
The lower limt of the zona._o% commercial oil potential generally

occurs at a mexi mum pal aeot enperature of 300°F (see page 5). From Fi gure

3 it can be seen that a maxi num pal aeot enperature of 300°F is reached at

a depth of approximtely 13,600

3. Concl usi ons

From the present study of the 2/1-1 Well the followi ng main conclusions

can be made

a. » The Tertiary section anal ysed between 5,200* and 10, 000" conprises

soft, olive-grey mudstone; rocks with source rock potential occur

in the general interval from 5,200 -8, 750

b. The section from approximtely 10,000' -12,300" conprises chalk
with mnor shale occurrences. Mature source rocks occur in the |ower
section of the chalk (11,920 -12,300"). ‘

C. THe section from12,300"' -13,540" conprises essentially a dark
g'®y calcareous shale. This section is considered to have good source

rock potential but lies close to the lower lir.it of the zone of commrercial

oil potential.
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APPENDI X 1

ABBREVI ATI ONS FOR TABLE 1

- Maxi mum Pal aeot enper at ure cénputed as wei ghted mean
_Q - Organi ¢ Carbon 7«

- Ker ogenCarbon®/,

- watn

- Total Organic Extract 7.

Extract Ratio 7. = Total organic extract % x 100

Organi c carbon %
Hydr ocarbons ppm
Paraffins in Hydrocarbons %

.Total Resins plus Asphal tenes 7»

val ue

Maxi mum Pal aeot enperature conputed on "g

Nbxinyn1PaIaeotenperaHﬂ{e conputed on Ng val ue
.o Raw Spin Density x 10
not anal ysed
- sof t
- slightly
- cal car eous
- shal y
- shal e
- nudst one
- sandst one

- car bonat e

' Rock- Col or Chart Conmitteel, Geol . Soc. Anerica.
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HYDROCARBOMS ppm VERSUS ORGANIC CARBON %

FIGURE 1
?

&

SHOWING

GRAPH

[,

\

TP U S

0030

7

i e

3

-
1

1

RN
[ A S
Pt e o T iy
LS B N PR
[ S EL A LI AL W
R ey
MR VT A B - -
iyl le PR
- i =
S llEbL O
RN |- B A
. ..lh Lot b e
Byl ,M‘.ﬂ..“J.IfL
A A
» dlde !l Ta Yo 1 4
C TR S -1 NP
..__._....“.«,...“..
Y 2o S -
; . oot
O R
PPl
o I T i
N N
! - :

.‘<.+
,T_-_ il
e i b L
M w u:“whm.
B M L i
P R
AL VR
i b
S N AR
I
YT

T

i
d
i

I

e

|

[T

e ny

L—- |

il

.3

MIC

ORGA

=y
H i

b e e

L e W VT,

T wen

e







1
1
23
ri6
~ 29
2

- 23
iTTRZS
i -

100

2 —ivndd

1

1

s

1

:

1

}
4o

'

H

'-

H .

]

i

1

o

:

H

:

i

i

i

L]
L
_‘-._ ¥
= - —y— - i IR SO
= - - T i 1 I
. ] -l [ - - . |
b 1
m 1
- Y - R - -1 T
__Hu . - L fem fandp o =3
-1 - . |
s e -
p— L 11...u...... St - li.i....ﬂw* H
[ | 1 1 w
A bt NN L] o ! : : L=
[l -

j
|

VERSUS DEPTH

% :

_.W - 1L G [
e} b | 4. L |t L

v TN

R 9

[
P

[}

1

!

—
e
!
|
31

FIGURE 3

PALAEQTENMPERATURE

i ; : i Ve i 1-=1¢
: - ! — N i -:w/-.- JE R ﬂ, - R U0 SO A DO DN AP A T O [
: o w0 IS o g R : _
T // ,.L\lo\l_ -3 ] .
et I 1 I
- = y
. S T |
] _ T * < T e ST T
: | 1 ! “ [ SN A LT i.m S L !
i 1 T INEERE RN \ { = T ]
P R o PR e R e e
] , N I r T T T LN U o I L 0 I [
i i 41+ It LI NEn ! 4 ! o
1
. » Cerd i
_ R e -} Y TIT
1 = - ¥
BB oM A FiL I
[ _ =gl i Fi1-b i - - Tt T p - _
—+ il i) ]

™

¥

e

Al
Ty

+ 200

\
f
¥

1

|

!

1

i
T

X Pt in
vl
zi

W
)
i\
i
I
T
]

]

A
L14°FL100]
i
]
i
¥
|

GRAPH SHOWING MAXIMUM

T
1

REALE | INTERCERT]

_..IH I“ = 3 s - T - - Y...-.I—_, 171
. | |
1 - i VI O 4
= ! N ] 1 ol A= ]
L : o 1 N T
Elmah ey | _ RAREURREES _ R e g [ S
; ; _ 1] b e
! ; [ - 4 of bl i Lo vl ! =
T L -] |4 -3~ i - _w. - m.n..' . L
R BN c_ | M
@4 8 | f
_ M:_..--f.l._ p T
_ SR H
. 1 NN RN MRS E NN !
- ) JoE ) e id NS hul_ﬂ| -F1]
LR . .1 L Y L R =1
7] 34 Lrdin maritg
1..“| P...—..
(T =
3.

sheop ol 128 ant_1 ]

1
COAARLATIRN. _SCSF

i

JR- R P

.. __I.§_i'
IR 0 I

5G0C

{4324) H1934

10600

G000
T000
8000

2000
Ll
3000
14000

o

fﬂ 4000 it~

d

-

el v B e T e Bl e B e e B B B e D e T e

®F)

FPALAEDTEMPLRATURE

AKX UM

L O ——



. w

ELEER o

TN Rt W B b b o BT

22000 30 5y ¥ . ' a - -

¢ . to_ﬁiag.ﬁuo SILLHI) WHIHLSUIGS) ALISNZO NidS

QG 08 (CS 05 Oy OfF O¢ ) o162 2 9 ¢ 4 € < ot L0 - S0 ¥O €0 20 ' _ 2
82 T

i ler I L R . T . '
. T o R e EEE IR FEERE KR T

82 — T o e N e e g e L L L e e : H.. m
0g “oe s |
: Pl -
R . F.\ M

" Lo
S
& C -
2| < T\
e = __ . ﬂ
e o Ry e A

tocotmn

<
t)

3
"

.

u?
m

FIGURE 4-

g
20000} 2404

Leose

8¢ -
o :
S v
ol 6¢ L
=z £
g ;
A Op
= o . !
ol - . ...
m -
[n® Mz . r
0 ) " . N ‘w.
- 233 25 PR P PR R k
D B v e e A ERna R it : M A _ N.w- .

e K EER g

= .
foy Ofmy Ofg -0 f-By2 B8 o

j~-i = W] IR L B A R I T ml....-.

. 25 .._.”.,.“,,_..._ ]
Q0 0%, GRS

_ .
v, Ol e n L Qg 0y Py Kt B "



