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INTRODUCTION

]

The problems connected to currelation between a crude ol and its possible
source rock have for several years been o subject of attention in different
iaboratories arcund the world, {Barbat 1967, Barker 1975, Dow 1974,
Eraman and Morris 1974, Jackson, Judges and Powel 1975, Levthaenser ef
al, 1975, Marzec et al., 1871, Mathews et
1

and Carey Jdr, 1974, Welte 1965, 1868,

Various methods such as percentage of saturates {Baker 1982) percentage
of aromatic fBak&r 1862, Hunt and Jamteson 1856}, isoprencid composition
{Maximow oY al, 1873}, porphysins {Gransch and Fismal9e6), optical
rotation {Brennunsman S 1958), Spectroscopic methoads, (Hunt et
at. 1954, Riecker 1862

Morris 1974, Clayion and Swetlan

vd
1978 and isotopic ratios, Stahl 1978, Lately, steranes and triterpanes
d

. Wiesnedsr 18685, Tight hydrocarbons, Erdman and
1977, Schaefer, Leythaeuser and Meiner
have besn used more and more, and they have shown to be very effeciive,

e 4F the o1l have bash bicdegraded. {Leythasuser

tehead 1873 a

almost the only wethod useabld
19758, Seifert 1975, 1978, Hills & Whitehead 1966, Whi

vin et at. 1975, Huang and Meinscheln 1975, Dorsselssr & Albrecht 1976,
Seifert and Moldowan 1878, 1979).

The preliminary oxamination of the o017 from well 347107 showed this to
contain almost no n-alkanes, This could have been caused by a sVight
bigdegradation of the oil or that the oil was an early condensate from
an aigal source, Ths vafio of the iso/s-alkanes in the Tight fraction
indicated the Tatter, {.e. fmmature pil, The large unresolved envelope
in the gas chromatograms, found for most biodegraded oils was not sees,
a2 out

3

This made us believe the ¢il fo be immature, but we would not rul

B
¥

of the il being slightly biodegraded before a GC-MS

s
ik
bay

e
<

the passib
analyses of the sterane/ triterpang fraction together with & carbon
isotope study were undertaken. The carbon isotope study will be done by
anpther laboratory and will not be inoiuded in this report,
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T what extent can steranse and terpane bigmarkers be used for correlais

<

a
should enable us to answer soms of these guesiions.

In arder to give as wuch information on this problem as possible, large

parts of this article is ¢ited in the following,

-



10 -

Tabls 4 Bteranes ound wonsteolous®

Stereo- g
. 4
N, shemsdny Sased on Stem}c‘m-n:s*f‘,i‘
i s f X
ey i X
5] S
2 iy f 5 K
3 z\é.?x'\xfgq -
- {} 3 1o H
4 fig 7 f P L
5 wta 23 e} 3‘/1‘?‘! q é‘ f‘
2 L1 T s N /'i e
& &8k

. " oo B Regular
b Hhe a7 et e g\\/ zc jEsteecini
7 ey g ¥
§ 28 3
§ 24 -Melnyl-Boe- il 28 %

Diachelestane 8 Z S, dden 1T OR
10 1 Unkaews a7 ) B 58 e, He, aflff
111 YUnknown 28 i <. 1 E
3¢ | B4-Ebyts e iha & iy & 1 ¢ R

Facholestane 205
.yi—-ce,
dlestane
14 | Copr ostaf,_ POR i3y e §
15 | Cholestane 205 it
16| 28-Methylaa &0
Biacholestane R . ;

. i 2BEFANG
I tsncholestang 25 ig 2 § g arzanged

18 ] fsechotestans 208 i 2 {

gy 7
)
B
&
?’J{»\m-\-,_c

19 | A4-Fihl-foi- ’ ik e ¥ . i 205
Dizgholes i o N
2 | Choiestane 2% 3 2 ¢ o 7*; ji .
R s e b . BT SR
' iz ‘WCEEStaF
Unxnown 27 g
Unknown 25 % Ym0 DR OGN,

thyl-ad N & b

Diacholosians

2 | d-tethvicholestans i 28 i
25

6} Za-Nsthyicodrosians i 28 f
R

&} H-Methyiisecholestaig id 28 i

b
&2
5
Eael
oo
==

2 25 &
0 {a 28 {
31 L% &
37 {¢ 29 i
33 {4 P i

by

B d = }

EA318-fo-depth frowm basin ¥, Californpis
IRress fwf‘

5 10 m

Avaitable authentic s

50 daia,

FComparisen of GEUMS with those repentzd. in Enssuvgen e gl (1978) for this compound or a
sl
i prisent i dsomerizate of ergostane plus siostams sitained from AL AL Prrrov)

& Mold OWETY, ‘C?q‘:



ENSITY

EINT

L
il
ek

¥

£ ¥
% 5] ngor SO
3 3 By A s INTENSITY
R P & ’3/\ 22 i o
SR o A\’“&’V{ VT W M b xs

ro
P& &, X
ANn e’\\‘v-wv».f‘%%ﬁm.-,j RN &,“J& =

LB o

o *.W;{;

SN

Ak

-...
:
s

-~ 27

__A%Mi?-,w‘w.}’\ D
"‘. 34 ;
£ {

\\_‘\__ﬂf:}i\.,.\ A ““)q““‘t“w“’ﬁ\’\’\ .
i

3
x"\.‘w.z“‘---“v./"if\--.ﬂ.v\x‘\\%_ /; e H
ﬁ
A

4

- 148 X3

RGO

o

ME D 1ECT Ji‘d

Fig: B ddentification’ of stefaues by diagnostic on” mapt (GU-MS)

)

anbidic and nol meant
than GRe Compoag nf

218, 232, am 236,
VEORE, 4‘ 2/ prude.

Bee Table $for gomenciature by compound aumbes, Posk shadings ate s

to represent astual percentage componition of peaks \Mih more
b Parent dorg: e 403, 386, and 37 3sek; e 149, 1S 189,217
CINCOS momputee softwardchromatogramedisplay for Califorsia basin 1, Pl
GCu contribuiion of M-18:{rapments;

{From 52ifert & Moldowan, 1979)




wmand

Sterane structurs

Basides adding some new structural detail, we wish to describe an gverview

terany strusture in fogsit fusls i 3

approach {SEIFERT gnd MOLDOWAN, ?i?@}. ngv 4 depicts this new method of
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of & Tightly bie \egr&éed cryde in which$ for practical purposes,

and tarpanes have not been attersd. Table 4 r

The dnformation in Fig. 4 and te & updates and superssdegs all previous
TFERT and MOLDOWAN, 1

and & refer to the configuration of the H atom. Two basic types of skele
3 «

structural assignments {SE 5785 . Desigratisns of «

.?
2
s
)

ant, namly, the regular sierar he rearranged ste

{Type 11}5 see Fig. 4 for structures, fatter were indepen
i

mgrass an Urganic Seochemisiry at Mose

USA group {SEIFERT and MOLDOWAN 1978) us

e wajor peivdlaum constituents), {minor peireleum constiin~

2 » x

tueﬂtsg compars Fig.d): the latisr poszsess a mn%que main additional diagno-
3 be

stic ion profiles al m/ie 23 expioited v carrelation

studiss. Both vp.o of disteranss show diagnostic fon profiles at m/e 259

Foand 149 (Fig. 4). Both vange in O~

g A b E 5 IR ot A o -
Sig. 4 and Teble 4 of this paper.

3 &
§ gl % FEd iy : i T 1 e das i i L3 N3 #ed, R
Most staniticantly, we have observed that the U,; 205 isomer in the 138
Z

¥

t7a seriss undergpes bicdegradation at g faster vate than the ZUR isomer
this papsr), Thus, the diazsteranss, as we undersiand thei
two sertes, 138, e and 13g,

8y six basie compounds in each. This point is conventently {1lustrated

178
L) r
by the GL-MS map~type prasentation in Fig. 4 which includes the molecular
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MS and MNMR

Petrov's Isomerizate (Fig. &),
experimental}, and coinjection with the sat

)"i" e
"S

[a?]

<3
¥
o

e

fo)]

[

€

ok

in Fig., 4. The designation ?Q?gl wa s

a
retatned iw Table 4. Note that

b these Sm, 148, 18 (/D xs} steranes
cortute with &, o, T {&/8 cis) sterancs under the conditions

L3

r;)

described in the experimental section

o

o
on of the m/e 218 ifon profile {Fig. 4}, diagmastfc for the first,
with the mie 157 don profile, diagnustic for the

fwi

distinction between 5y, 148, 178 and 55, V4, 1 by the GC-MS wap
approach. {5} The Tifth and last epimeric center of practical significance,

nemly 52&3 has been disgussed; epimers have been shawn o ecour in
petrotaum in various vatios {MULHEIRN and RYBACK, 1975). However, these
compounds are not resolved in Fig. 4. {8) Joint ocourence of 58 and 148
stersochemistry. The four possible isomers with 17x and 17B and 208 and
205 sterenchemistry wers found present in the isomerizate of cholestane
{compounds 48-51, Fig. 5 and Table 5} in small gquantities; becausa of

the small amounts observed in the isomerizate, their presence in petrolsum

o
can neither be confirmed nor denied. An interssting feature of their
atteras {Table 5} 15 a w/e 151 frament ¢

Tesser strength in the 58, T43 compunds than in their 5p, Yo counterparts.

Compound 52 appears to be 208 coprostane. {7) Finally, S« Me, 178,
20R and 20§ were reported (MULHEIRKN and RYBACK, 1974} to possess shorier B0
retention times ard one of the two (20R) appears to be compount 47, present

as a trace component in the isomerizate (Fig. 5).

AT steranes with the regular skeleton discussed in {1)-(7) underge bicdae-
gradation at a fTaster rate than the first described diasteranes, f.e. all
totally

tally destroyed in heavily bindegraded

(&

crades, REED {1977) noticed a "puzziing” avsence of steranss in biodegraded

3

seep 0113 from the Ulnta Bazin. The examples shown here support biodegrada-

]
.

tion as the caus

Thermodynanic stability

Although is is unknown whether the isomerizate is at thermodyramic equilibrium,

the comparison of iis CﬂmﬁOxﬁ“‘Oﬂ with that of petraleum gives rise to some

interesting consideratio al. {1976) note an increase in 148~

sterangs with iﬁcreasing degree of maturity; with the structural work
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disfavored, is present in only small amounts in the isomerizate {compound

and natura?fy couring fspmarization {ccmi;Lnag 18 and ??ﬁ Figs. § and

§<a~3teraﬁssq by analegy to cigmfuseéA8~methy3 vdr‘ 1dan

are energetically more favored than trans (DREIDING, 19543}, Recent wo
the greater stability of the /D ¢is i

Juncture {PATTERNSON et al. 1977}, aithough they ave sxepticng {BARNES

et al. 1983}, The thermudynamic unfavorability of the M8« 17B configuation,
n h

its near absenhce in the isomerizate, has been explained by
a large interaction beiween the side chain and the lTdo-hydrogen {HANACK

1565}, howevar, conversion to Hi-s3terecchenistry makes the 17f~configuration
¢

Noxt, the 20 position i3 free to spimerize betwssn Z0R and 20%, such that
ZOR 4+ 205 pairs ave observed in peivoleuw and n $he dsomerizate, inde-

pendent of ring skeletal configuration {(Fig. 4 and 51, thile the ratio

e

it

this 9%

rdl s
iy
boy
pla)
i
b
vl
e
fatt
¥
fas]

P
T
-

.

-
e
W

. 3 FAT o~ oy e R S
of 20R to 205 1s close to unity v the

€
not the case iy the Yessil fusl sample described in the Tabel 4, where

ZDR 18 much Targer than 208 for ng and ﬁ?ﬁ regular steranes, because

these natural products have not progressed as far along the vouts

o Dk

thermodynamic equilibrium ag the {somerizals. The observation of gnly

3

small quantities of 58, 148 comwpounds in the fspmerizate {compounds 48-51,
Tebel 4 and Fig. 5} is not surprising because the of

has been shown to be thermudwnamically
Theref&re3 thetly gocurrence i patroiey

. o bt s S o
iy be hidden by the predowin

,1‘)

ght 2as

Effects of naturally occurring blodegradation )
For bilodegradation studies, three basins wers splected, two from {alifornia,

one from the Guif Coast. In each basin, the pils chosen possess & common
source and the ondevgraded 011 was compared with a heay
Gulf Coast Field is vewy targe field on and around a high:s faulted g3l

dome. A1l oile are produced from
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« 1

is paralieled by an {ocrease in terpanes and steranes in the most
degradad Guif Coast oil by factors of 3 and 2,5, respectively. On
first sight, optical rotation and group-type mass spectral analysis
arroneous concliusion of sterane and terpans

4o

could easily lead tp the

increase with degradation. However, the superimposition of an immas
turity component fg tikely to be inherent in the heavily degradsd

o1l due to its lesser depth. That i3, the shailow ol is expscted to
possess mora steranes and terpanes {SEIFERT and MOLDOWAN, 1978,

Table 2} and, coﬂsequentiy, a higher degres of oplical rotation than
the deeper oilz prd to biodegradation. Conszeguently, we also observed
wore degraded terpanas (12,58 Table 6) and more degraded steranes

-

{9.,7% Takle 6) in the shallower 011 and concurrent hégher aptical

activity then can be accountad for by paraffin depletion alone. Figure
& ¢iearly shows the loss of regular steranes and terpanes. The sxplana-
tion is that during biodsgration the regular steranes and terpanes get

transformad to a multitude of other gptically acltive spesies, which

3

possess mass spectral framents fitting the designed mass spectral

matrix. Alteration of optically active centers provides for additional

small variations. Thus, the observed high optical activity i{n the heavily

s e g i YL { 5 £ & Yy
cterial syathesis of opltically

bicdegraded crude does not reguire ba
active species, e.g. BIRD et al, (1971), because all can be explained
as being the consequence of one or more of the following: {1) paraffin
deplietion by bicdsgradation; (2} immaturity [less pavaffing, more ter-

o'}
o

[£%]
N

panes plus steranes) as stariing material for biodegradatior
transformation of steranes and terpanes to other optically active

The conclusions derived from samples of the Gulf (oast are enhanced and

!

further expanded by cbserving similar trends in & Caiifornia basin
n Va

o
!

ey, Figure

bt
i

"1, namely, on tﬁe west side of the San Joaquin

St steranes and ferpanes in the

Tightly degraded oils, which is characterized by loss of n-paraffins
¥

isoprengids. As in the Guif Coast Basin oil,

regular stervanes Wave been destrayed in the very heavily degraded oil,

4

whereas diasterangs have suryived (Fig. 7 bottom). In this basin, the

increase in optical activity by a factor of 1.5 dn the satirate frac
tion can be rationalized by @ parallel decrease 1w yield {Taple 6},

23

However, the appavent increase of terpanes by mass spectral ol to

da

19.6% in the heavily degraded oil {Table &) can bs explained as follows:
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wers found to be converited in the heavily degrad
1

000 T to g demethyl hapane sepies

group in the &/ portion of the tarpencid ring

[

system has baen lost. This conclusion was reached by absering

W

[ TP § o IC I S mered ey e e eveverd sl
43z and b, 453 and b, 462 and b} that the regula

2
ton, This ig, psrhaps the same :er@es of biodegraded hopanes discoversd

D {1977% in & P.R, Spring Ssep, Uintra Bosin, Utab, who assigned
f o

f
ation, i obsarved for our regently described
5

T b %
{SEIFERT st al

foompound 38) d9n the heavily degraded {(Pleisiocens, 1000 Ft.) ot
S oy S - w i I e 3 o oy I 3 e
{Fig. B). The presence of cowpound 38, the oomplete reproduction o

2

formation of regular hopanss iate

Laxd
¥
it
3, i ~h sl
oot
o
i
N
s
i
it
f
sl ; .
b
;5 o
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o3
3
U
")
o d
o
~
~ds
o0
—t
"‘1'
§
fais
=~

-emeﬁhy?ate- hopanes, The expiss
ration for the asppavent higher terpane value [13,8%) and Yor the in-~

Sreaiad

asctivity in the saturste cut {2,28) in ths
{,..

cene o1l {(Ihird entry, Tab

of C?Q - Fgg reqular hopanes {bﬂ:vam, ?ig,e} is that t
, KX .

tatively spesking, the ingrease i? opb~ua3 aotivity by a

2

aeiar of

1.5 is matched by an ingrease from hopanes o bipdegraded hopares by

P
E
t
H

the same factor and s further watched and caused by a paraliel de-

crease in osatirats yield due to paraffin Ioss again by the same factor
}

i
{Table &

°

e o AR I TR S S SR Fim S S (S5 M Ty NPIRITINR S ~ o =z S8
The third basin (Celifornta, "basin I17) examined is located in the
e . [T 3 3
San Joaguin Yalle !

number of biodegraded

8
are Tron @ oommnn S0
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The phenomenon, s6 we specuiate st present, s either relatad to the
spacific conditions of biodegradation or an unusual source or to
factors unknown to us at this time. Also, unigue for this oil is 3
figh consentration of compounds with & probable bigyeid ]

parie structure. This assigmment 1s made solely on the basis of thetr

nass spectra which contain 3 w/e 109 or 123 base peak along with a
m/e 194, 208 or 222 moYeculsr don compare also Fig. 4 of BENDORAITIS,
T OTR

Hb A

RN -
5
7 \\::xi';
{ ! - By R e o
i i
S e Ry =Cakgor OyH,
R~ R

Present research activities are focused on simulating naturally occur-

£
Iy

ing biodegradation processes in the laboratory, including the structural

giucidation of the progucts of sterans degradation.

Baifert and Moldewan, 1579, sum up their resulis in the following

1. In crude nils, steranes and terpanes are biodegraded at a slower
rate than isamrenaiﬁﬁ and survive Vight to mederate bicdegradation.
Therefors, previously described (SEIFER and MOLDOWAN 1978} corre-
1ation approaches appear applicable to such cases.

7z In heavily degraded crudes, regquiar steranes are totally destroved;
diasteranes survive bigdegradation; but diasterane concentration is
also decreased in most cases

3. Tricyclic tevpanss survive heavy degradation in most cases and, thus

can potentialiy serve as corrvalation parameters
vicusly (SEIFERT, 1978

,
3
2.

ascribad pre-

it

.

4, The vate of biedegradation of 205 Cm7 133, 17 [H} diasteranss is
graater that that of its 20R spimer,
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x;?*ﬁ‘r* of normal foussy

thase three basins,

Ring O/0 ¢is{148 J-stsranes greviaus?y reported as pradomingnt
components n Russian orudes

20R and 209 sterepchamigtey by NMR, MS, and optica? rotation, These

i 3
compounds were found to be major biowmavker conatituents in all

azsil fusls examined,

5 . " 2 i S \-‘.o‘.\ £ ~ . o
& cholestane isomerizate (30070, Pt on C} wes found © 1
TER, 170 208 and 205 and cholestans 205 &3 major aampaﬂent
17 20K o+ 208 cholestanes + ihe 5~c@u**pr;ar s of these 20

LO”QGMH dy as mingr components. Relabtive tkervecgnamic stabititiss

of ail fossil Fuel stersnes are diszusseé,

-~

the GC-MS map. Ion profi

L v e YAy Py & . KA X AN o - 5 £ wid
A convenient ovaeeview of the compliex sterane mixture in fozsd
&£
H

fon of absolute quantities of

st

nati
fomarkers is desoribed. Tho method employs spiking with &g~
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xparimental:

The rocksamples were crushed in a centrifugal will and extracted with

BCM in soxlet apparatus for 48 brs. The exiract were then chromatographed
on sitica/alluming cotumns using hexaneg, benzene and methanol as eluants,
The saturated hydrocarbon fractions were then tested of glascapillary G0
and GC-MS and the concentration of sisranes and triterpanes were ?Qumﬁ

to be sufficient for furtheyr anglyses. The urea/thiourea adduction whic
normatly have to undertake for such analyses, were nob performed on

these samplas.

Total hydrocarbons from gn aliquot of the oil were isolated by allumina
T

calumn chromatography etuting with an 30/20 mixture of petroleum ether/

totuene,

Examination by C-GC-M5:

-

on were examined by 0-G0-MS under the following conditions:

Py
oy,

.
g

s
/‘:“_v_?,
[
f‘f
,‘}

Finntgan 3200 GU-MC/8100 Tata system

GC s 1O0m ox 0L 3mm GV-1 capillary
temperature programmed from 80-270 at
4° Jovin, ca 2ml/min tHe

MS S 300u A filament ewmission, 70eV

electron ensrgy

Data System : Continuous scanning and data collection
from mass 50-850 every ca 1.8 seconds

Following data collection the following mass fragmentograms were generated

for all samples:

a}y the TIC

b m/e 85 [acyclic alkanes)

¢y m/e 191 {fritarpencid alkanes)

4} mfe 217 {steroidal alkanes in general)
m/e 259 {rearranged steranes)
m/e 218 (148 Hesteranes;
mfe 231 {nuciear methylated steranes)

¢} were génerated in

L’ 1
e,
A
43]
]
1£9]

The above suite of sterane Tramentograms S
stacked format for sase of inlgrsampie comparison.
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TRITERPANE DISTRI

BUTION

Crude ofl wald 3430-1:
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303250,

FOR

INDIVIDUAL SAMPLES

PPN RN
present are

ralative gbundance

943
M‘
.n.)
153
252
1

major diagno

garprint correl

poses with triterpape distributions observed for
spasumad ShuFca vaek svivact  (Eel 10003
{-'»- SEUMEE SOUrCs WIOK gxmract (: §tﬂ‘ R |

Crude

o osonta

orude ol

As for the extraot from 2550-65m the triterpane
distribution paralisls that for must crude oils,

ritergane

in the sxtract shows similarities to the grude
gil, {Fig, 1&)
Again, the disteibution Ys similar to thos cohser-

for most orude nils. However,

[T

o

Fc
i

sxtract above the samples does not contain tha
Cog triterpane abserved in the crude oil. (Fig.13)
[ M et
The triterpane distribution obhserved resembies
that of must crude gils. However, the sample doss

Con triterpane gbservad in
i

S

As 2875-50m. {



(ox
S

3110-25m As for the sample from 2975-90m. {fig. 1

v the above suite of samples, From deeper than Z800m, several irends
in the triterpane distributions with depth are apnareny:

i} decrease in the ratio of E!ah(QCx‘”GH QSQ hopanes {see table 10).
i1 Decrease in the relative contribution of a friterpane series
not of the VT/aH-hopanes type but presumably of the wmoretans type.
RRE ! decrease in the relative contribution from E?QH~€27 hopane.
Well 34/10-1:
1780m ; the triterpane distribulion observed iz super-

imposable with that of the crude o1}, However, it
is not unlikeiy that the sample is conitaminated
with the o1l in question (Fig.17}. (Se report
Q-170/71/783.

1833m The distribution observed does not resexble that

but of an immature sediment or

1880-90m HMstribution similar to most crude oils. However,
the sampie does not contain the C?g triterpane
gbserved 1o the corude ol {Fig. 20).

1540m Distribution similar to most crude oils and the

o

sample doss contadin the Cog triterpane ohserved

in the oil, However, minor triterpanes ars present
which are not normally found in oils, but which
are normally associated with immature sediments
and shales. The sample is known to contain a major
portion of reworked waterial {(Fig. 20). {See
report 0-178/1/783.
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Certain peak height ratics of the components taken are presented in
Table 12, Parameter 1 shows the internsl distribution of reoarrange
steranes, parameters 5 and 8 show the relative distribution of
rearranged sterares to regular steranes {refiecting both migration
and maturation effects) and paraewmeter 10 shows the internal relative
distribution of raqu?ar stevanas vecogrised as a valuable source
rock/oil correlation parameter. Thus parameter 10 {Table 12 shows
that the extract from 1840m (well 34710515 and in particusar that
from a core of depth 1780w {well 34/10-1) bear the closest similarity
o that of the oil, Parameter 8 shows that extracts from 2875, 3032
and 3110 {well 34/10-2) and 1233 and 1570w {we?? 34/10-2) have far
ndant regular staranes than resrranged ampared to the oil
a
Qverall, the clossst comparison of all the parametérs with those of
oll ave shown for the 1780m {well 24/10-1).

STERANE DISTRIBUTIONS (m/e 217)

CRUBE OIL: The digtibution of steroidal alkanes obtainad
{and reflected in the paramster yatios, Tabls 12) 1s

typical of that obtained for many crude oils. The
ratio of rearvanged to regular steranss {(eg pavameter
8, Table 12} suggests the oil te be fairly mature.
~{Fig. 23).

Well 34/10~¥

2550~65m The distribution obtained is similar to those for
many crude oils, However, as indicated in Table 12
the relative distribution of the steranes shows
differences compared to the ol under study. {Fig.

243,

2730~50m As for 2550-65m. {Fig. 25)

2780-95m As for 2535065m. {Fig. 26}
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3032-50m Az for sample from 2975-%0m. {Fig. 2B8).

31310-25m As for sample from 2875-%0m, {Fig. 29
The distributions obtained for the above 3 sampies below Z2500m show 3
trend in various interral steroidal alkane relative abundances with

increasing depth, Thus, for exanple:

I
o
far
3
o
=3
o
(1]
5
(D03

{reavranged/regular So-sterane) shows an increase with

fneraasing depth veflecting a grealter matuyity wi

4 show inereasas with jnhore
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Wy
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£33
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presumably reflecting greater maturity with depth.

Well 34/310~12

17800 The disteibutia

Lo &y ,,: v S
ndery Xamination.

pom 2978m {well 34/10-2). {Fig.31)

1885-90m The distribultion obtained is gimilar to thoss Tor many

3 PRI . R e T o oy
5. Howeyer, mingy differeng

e
ters 3 and 4 due to ths Tow intensity of peak 8

% dre gpparent, eg,



1951m As for the sample feom 1830-90m. (Fig. 34)
1970~35m As for tha sample from 2875m {well 34/10-2).(Fig. 34)

Ho clear cub trends are apparent in the steroidal alkane paramster ratios
with increasing depth. However, higher values for parameters B, 9 and 10
are gpparent in the 1880-1950m section of the well, possible indicating
higher sample maturity in this region.

~

Steranes y triteroanes

i e,

iy
S

The relative abundance of shevroidal alkanes
wie 237 and 18

basad on th bi
and extracts are given in Tab

(ﬁ

ratio values ohlained were héqher than that for the oil. However, those
for the 1780 and 1940m extracts {well 34/10-1) hear the closest
similarity to that for the oil.

Based on the distributions of triterpe 1
alkanes {mfe 217, 2598, 218 and 231}, the following conclusions may he

drawn:

R 3
>l

1) The distribulions were superimposable with those of the oil
{apart from m/e 231} only for the 1780m extract from well 1.
However, 1t is possible that this sample galuha*gh 2 core)

28y
was to some exient contaminated with the crude o1l 1n the well

the sample {apart from the from }?Sﬂm} showing the closest
similarity fo the ot that from 1940m {well 34/10-1}.

5
However, 1t is baliesved from vitrinite reflectance neasurements

e Y
23
SN ™

wa
that the sample contained a major proportian of reworked material.
{See report 0=170/1/78). Thus, it is pessible that the distribu-
tions observed may not be atiributable to the indigenous material

in the core.

111} The steroidal and triterpensidal alkane fingerprinis
297 nd 3110m {well 34/10- 9} extracts showsd

o~ T
5,, 3032 &
o

3

x gt % N A% .
aritiss those of the oil and

CZ‘!
-

2% source rocks for the o1l dn well 34/10=
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Sample Depth {(m)

Desgription of sample

Well 34/70-2
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Extract from cuttings
cxbract from cutiings
Extract frow cuttings
Extract from cuttings
Extract from cuttings

Extract from cuttings

o
!
00
(9]

ek
o0
Lo
La¥

1380~90

1940

vk
AL
(&
s

1979-88

Extract from core, similar age to

297%n from well 34/10-2. The sample

—Fe

might be contaminated with oil.

P T
{

Extract from core sample. GO indi-

cate high Jonmaturity {high (P
a

Extract from cyttings. Probably
contaminated with ail,

Extract from core,

Extract from Core.

Extract from cutiings
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287590 0,75 -
303250 2,70 -
FLIO~25 0. 5L -
1780 Q.48 maior CQ& Triterpane
1833 2.0 -

0. 57 -

major C2 Triterpans
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