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1 SUMMARY

Petroleuw gaochemical analyses have been varried out on bahalf of Pﬁlllips
Yatroleus Canpa** Norway of 1 From

T hydrocarbons in four drilling fluild samples
ks ril

the NE/7-278 well, Embla Field, «drilled in the Novweglan Vorth Sea.

The samples ubmittad for geochamical avalyses comprised four sealed, sannad
driiliinmg fluids oresspending to drilled depths 4988%, &L81' and 7047% {twe
samples, .mrrespb191ﬂg toe  cirgulapion at 06300 hes =nd 168:1% hrs)  en
2% November 1991, Ceochemival arialysées weres carried ocut in srder to det rmine
the uature and ovigin of bydrocarbons encountered while drilling and to compare
the hydrocarbong with ells and extracts analysed previcusly from the Eabla
Fleld area. The analyses bave been cavried vut on a rapid completion pricrivy -
basis.

Headspace gaseous lhydrosarben {0, -0, ) yields for the four drilling fluid
samples ave rvelatively high, particularly for the two samples ccr“espgnding oD
clradlation aut 70477, whereas gasoline hydrecarbon (C,~C,) vields and solvent
entraction yields a¥e low. These data indicste thar tha hydrocarbon influ oo
the well bore is predominantly gss, derived from a deep, matures scurce rook.
- Gas  chromatography analyses of the very small sclvent extraction yields show
oil-1ike distribawtions, indicating the presence of ninor amcsunts of oil in the
driiling fluid.

Gax  chromatography-mass spectyomstry (CC-M8) analvsis of branched and cvelig
alkane  frsetiops wof the two  drilling fluid extracts correspending to
civpulation at 7047' has been carried sut. These dats indicate thar ths
hydrocarbong  in the drilling fluild include a wminoy oil component, devived Frow
a middle mature or latax dedie matuys Kimmeridge Olay/Draupne Formanion souroe
rock. The oll copponsnt 1s comparasble to o1l staiving in cove samples analyssd
previcusly from the N2/V-20X and N2/7-218 wellx (Report Nugbsr 6796/Tcy.



2 INTRODUCTION

This report describes the resuits of a petrelewm geochemival analysis carried
ort on bhehalf of Phillips Potréleun Company Norway of hydrocarbons in  four
drilling filuild samples fr~m thae N2/7-278 well, Embla ¥Fleld, DNorwegian HNorth
Sea.

Faellowing an initdial telephons conversation on 27 Novemhey 1991 hetwvesn
Mr M Ringsley of Phillips Petroleum Cowmpany Norway and Mr ¥ A Bastow of
fimon-Bohertson, & suggested analytical programme and eosting for geochemisal
analyses of four drilling fluld camples were forwarded to the eoliend on
28 Novembeyr 1891 {fo vefsrance 832%), Four ssaled, cammsd drilling {fluid
samples wave veesdived af ths Nerch Wales laboratories of Simorn-Baherison
on 2 Deeember 1891 (alvway BILL 117/8844-0886) . Geochemical analysis hsve been

carrised oub in sppwrdanes with proposal numbey Io/81/060 and  service arder
nurber 43862, The geochewical analyses were carvied out on a rapid vewmpletion
priority basis and praliminary reaults of snalyses wers forwarded to the client
on 4 Degembhey 1991 fax  veferonoes §45% and 84773 & Dagamber  TE8Y  {fax
referemnge 8313) and 16 December 1591 {fax reference 8”1f}v

The total mumbers of geochemical analyses sarcvied ocut were as fallows:
Headspace gazsous {ClAﬂﬁf} hydrocarbons : &
Gascline range (8 -C.} hydrocarbons : &
Quantitative solvant sxtraction &
Nen-guantitative solvent extraction z
Whole sxtract gas chromategraphy : 3
Alkane gas chromatography : 2
Alkane pas chrosatography-mass speclirometyy : 2
3



3 RESULTE AND INTERPRETATION

This section of the report describes the results «f geochemical analyses of the
drilling fluld samples and presents a devalled intevpretation of the data

=

X

The four drilling fluld samples were veceived for goochemical analyses in
zealed cans., Dooumentation recelived with the sanples indicated that thy  wall
was -cireulating gas  at the time that ope of the zamples corvesponding to a

rilled depth of 70477 was collected, and “harafore the samples were submitved
for airspsce pgaseous hydroecarbon (-0 ) analysis. The vesults of these
analyses are pr¢5ﬁn*ed in Tabls 1. The total haadspaca gas  wields ave

relatively high for drilling fluid samples, bub conzizstent with the eireulatien

of ~alge amounts of gas in the driliing fluid system. The headspace gas ylelds
of the two ghallower zamples at 4966° and 6181 are dominated by methane, with

&
m

small  properticns of she heavier &, vo €, compements. The two amples at
PO contain  significantly  greater ?&epsrtians of  heaviey BEOUS
hydrocarbons, particuylarily sthane and propans. The data suggest a iaamt
i te of gas influx to the well bore at about 704, I= zsach of

rhe four samples  amalysed, the proporvions of the heavier wet gas {ngﬁm}
componients  and the izc-butane/rorsal butsne ratioss indicate that the gas iz of
thermogenic ovigin, rather than of shallow, blogenic origin. The ‘headapace
gaseous. hydrocavbeon avelystes dats thevelore indlcate the dnflyr te  £hs  wall
bore of significant amounts of paz derived from a deep, mature seurce, at
rate which increases signifiicantly at sbout 70477,

v
increase in ths va
8
a

)

Eo

Gasoline wange (€, -0, bydrovavhoen chromatograms for the four samples are
ptesenteﬁ ire Figure 1¢1-43 and the gasoling range hydrocarbon data gre given in
Table 2 Thas toual gaseline hydvocarbon yields, which reach a maximum of
336G ypﬁ at T (36015 brsl, are smwall dn somparison o the headspase gavesus
hydrocarbon y;elds, ind*ndtiﬂ? that the {nfiux  to the well bors 2

in
predominantly gas vathetr than lighv oll oz condensate. Ths ratios of the total
headspace gas yiselds teo the total gaspline hydvecarben yialds are swmaller fox
the two samples ab 704&Y" than the shallower semples 4%6&8° and 6181, possibly
indicating & slightly more significant heavier hydrocsrbon component ap 7047¢,
compared tu the shallower samples,

The distributions of gascline range hydrocarbuns in the two samples from 7047
are wvery ximilar o each other and in additicen ave broadly aimilar to olls

analysed previcusly from the NZ/7-20% and NZ/7-218 wells, although the canned
drilling fluid =amples contain slightly higher proportiens of the oyelic
alkansz, ‘mainly aoyvelopentane, metbylcvclapentane and alze methvloyclohexans.
The veason for this envichment in these cycelic alkane components is not
appavent. The distvibution of gasoline vange hydrocarbons in the samples 4988
and 61817 ars dissimilay to the samples at 7047'. In view of the very small
gaseline hydrosarbon yields for the samples 4965 and 6181 (35 pph and 135 ppb
respectively) . the possibilivy that mineor hydrocarbon-based drilling fluid
contaminants contributed te the gasoline range hydrocarbon data sghowld be
considered,

The gasoline range hydrocarbon analyses indicate that the two fluld samples at
TOET iy coritatn winoy amounts of oil, the Yight hydeocarbon fyraction of whichk
iz breoadly szimilar to oils znalysed previcusly. The data for the samples at
4966 and 5181" is move egquivocable, and amy oll present in the mud is In very
small swounts. The gasoline hydvecarbon dats indicats that the hydrocarbon

»

influy to the well hove s dominantly gas,



extraction of uhe four dvilling $fluid
sobvent extraction yields are all vary low.
as follows:

The vesults of
gamples are given i
The exiract weights

Depth (Lfest) Butrast (mg) Extrast {ppm}
43856 1.0 10

al8% .5 3

FO&7 {16,158 hrs) 1.8 15

7047 (G .Q0 hrs) 1.% 15

The sample extract phials wers noted to be dlgar, with no wvizgible extract
olouration.

These data Ilndicate that the drilling fluld samples oontain only ~wery small
amounts of heagvier hydvoecarbong and confizm that the influx te the wall is
dominantly  gas. The wvery small aswounts of extract obtained from the
guantitative solwvent eﬁ“raftiﬁﬁ precliuded the application of & number of
geochemical techoigues and slse vesulted in some difficulties in carrying out
the gas chromavographic ﬁndi)aﬁﬁ, as described below,

Whole axtract gasz chromatogrems for the samples at $181' and 7067 are
presentad  im Flgure 2{1+3}. Insuificlent extract was available for whole
extract gas chyvomategraphy analysis of the sample 4966°.
as chyromatograws eve dominated by the scivent ypeak,
11 awmeunt of sxtract availablae for snalysis, The samples
il distribution of nermal alkanes. The normal alkanes
decrease steadily in relative abundance from about pn-~U,. upwards and wminor
amounts of  lonpsy cagbon chain length normal alkanes up to sbout mel,, are
sppatent, The isoprencid alkanes pristans and phytane ave present, with
priztane dominant over phytane.

The whoele axtract sa
indlcative of the sns
at 7847 ghow an ofl-

The whole extract gas chromategram of the sample §181' shows a possible trace
of an oil-liks dis*rihutian of hydrocarbons, rvepresentad wmainly by normal
glkanes  betwesn n-O,. and r-C,, with very small traces of longer carhen chain
length mormal albansxz. However, the chrowatogram appears to be dominated by
contaminant  pesks which may Dbe devived  from wvery small awounts of

hydrocarbon-based substances in the drilling fluld system.

Alkane gas chromatograms of the twe samples at 7047 are presented in Flgure
3(1-2} and the alkame gas chyomatopraphy quantitative data are given in
Table 4, Despite the small extvact welghte, the alkane gas chromatograms show
goad peak ressivtion and illugtrate the distributionz of alkane hydrocarboens in
the extracts. The alkane pas chromatograms ave wery similar, indicating that
the nsture of the hv:robc ‘bon Inflox had net  changed significantly during

civeulation ar 704] The chromatograms ave dominated by normal alkanas  at
pa-l& and 1-Cyq. No ‘mal alkanes decrease steadily in relative ashundance from
n-Cs up to a2, There d1s no sigoificant odd or even carbon number
prefevernce  which, oombinsd with the pristane/n-C,, and phytane /- ~Oyy ratlos,
indicares pgensration »f the oil from s niddle mature souvce. Palycylic

molaculay bilomarkey pesaks ave not olesarly sppavent in the higher wmolecular
welght vange of the chromategrams, indicating that the starasnes and triterpanes
are in velatively low abundanss, consistent with a mature source, The



chromatographic baselines are approximarely flat, indicating that the axtracts
do ot include a significent degraded oll componant,

Due to  the wvery swmall extvact welght cobrained from the initial, quantitanive

solvent extvacilon analyses, 1 was necesgary to carvy oot further extracticns

in ordex te obtaln sufficient hydrocarbon for wore detailed alkane gas

chromatography-magys  spectyometry (GO-MS) arelyses. The two samplex at  FOuT?

were selected for furthey analyzes and as large & velume of the drilling mud as
.

o

possible was extracted nerguantitavively., Sufficient extract was ohiained
from each of the twoe samples fov GC-MS analysis.

Alkane GC-N§& analysiz of breoched and eyelic slkane fractions of the sampleg av
70470 was  cavried out. Selective vemoval of the normal alkanes generally
improves the peak yasclution, particularly in cases whers the peolyeyvelic

melecular blouaxwerﬁ aye present in low abundance. Selected glkane GC-MS mass
chromatograms are prassnted in Figures {12} to 8{1-2) and the calculated
GC-MB  ravies are given in Table . The raazults obtained are generally good,
with good peak raswiutxan, snabling che sterane and triteypare blomarkers te he
identified, dpder ME peak sssignments is given in Appendix 3 and
the OG-ME quantiteative data ape glven in Appendix 4(1-%).

The mie 191 mass chromstostans {Flgures 5{1-2) and &(I-23Y sghox the
£2 & 3 2

digtributiony of the G4 to €, tricyelic terpanes and the Coy te Gy

pentacyelin  triterpanes ( opdﬂ@c} The modevately high vasio af the Cyy

13&{83*ﬁrisnprﬂeahapane {Tay¥ to ﬁ, 17a{d)~trisnorhopane (Twm} (rvatio L, Table
3}  indicates genevation of the oil from a middle mature or late mature sourge
rook, The orheyr Uriterpsne maturity pavameters are consistent with the Ts/ T
rating. 1t I8 noted *hat the Ts/Tm ratiocs are ocomparsble to the core extracts
analysed from the N~’7 208 and RZ77-218 wells, but ave lower than the wvaluss
sbtained for the tested oilsz apalysad frow these wells. The daty indicate that
the il p et In the drilling fluld samples was genevated at a lowee level of
maturity than the tested pils. The medium to light oils anaivsed (Report
Ho. §7%6/1c) wers penevaeted frow g middle to lavte or late mature source.

{

The wm/e 131 nags chromazegrams do not show significant amounts of the Cox
Ve () 1Ba{H 218y 28, “ﬁ'bisrarhapave Whereas bisnorhopane ds 8  commaen
constituent of FKimmevidgs Clay/Draupre Formation sourse rockd, the relative
abundance of this compound typleally decreases wmarkedly with increasing
matuyation and may be very miner oY nobt dizsstinguishable in hydrecarbons derived
from middle fo  late wmature sourde vocks, Low relative shundange of Cra
b‘szﬁfh&gaﬂ& way  also noted in the oils and core extiracts analysed from the
N2/ 7-20% and NI/7-718 wells,
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Demethylated hopanes ; the presence af which would indicate
biodegvedation of the ﬁil, arve lct dppatenﬁ o the wfe 177 and wie 191 mass

chromatograms,

The wm/e 191 mass chromatogrems include an wrddentified Gy, triterpane, which
corresponds to the peak X of Philp and Gilbert (1988}, This stoucturally
unelucidated compound appears o be thermodynanically more stable than the
hopanes, and is typleally relatively sbundant in late mature sasples. The
relative abundance of this pesk in the drilling fluild extracts is comparabls to
the cors sxvrsets analyvsed previocusly, but less than the testsd oll samples,
indicating that the oils ave derived from a more mature sourse.

The wmy/e 121 pass chyomafogram of the sample corresponding to  oireulation at
16,15 hrs (Flgurs §.13 lnciwdes ave unidentified component, labelled UL, which



coglutes with the later eluting €, trieyelic terpans isomer. This compound
may alzo be ?IeSth in the sawglé bot: gsponding to ciroulation at $0.00 hyrs,
{Figure &.2). but is less appavent, This cosporent was roted in  the core
eRbracts aﬁaiysed prevxauqlv, but noet in the tedted oils, The origi and
significanse of thisx peak remains coupletely unceviain., The drilling fluid

extracts alse  appear Ue contain miner ampunts of three othey unidentifiad
components which weve identified in the cors axivacts.

i
i

The &zvs Tag. and C,o steranes are shown o the m/e 217 and wmfe L8 wass
chroma mgr&ms {Figure 8{1-2}}. The distributions of the -steranes  are
consistent with generation of the oill from & mature souree and do not show the
sffects of degrvadation, The stervans distyihutions ave similar o the ails angd
core extvacts analysed previcusly, Indicating that these are dervived frem the
Same  Source. The data ave dise consdatent with generation of the il  from
source rocks in the Ximmeridge Clay/Draupne Pormatlon.

3
2

The C,,, U,; and ng reayrangad steranes {dlasterdnes} ave shown on the #ife 259
mass chromatograms (Figures 5{1+2} and 6{1-2)3. These diastevsnes are more
thermally stabls then the stersres snd incraase in rvelative sbundance &t laver
maturivy. The ralative abundances of the diasveransy compared to the steranes
in the hydrocarbon extracted fvom the drilling fluid samples are cowmparable to

the core estracts; Indinating that these are representative of similar levels
of ‘maturily, whereas the diasteranes are velatively move abundant in the sils,
indicatving & higher level of maturity.

The wmfe 25% mass chromstoegrams include an unidentified peak, labelled U2, the
erigin of which is uncevtain. This peak is alse present in the oils analysed
previously and fs particularly prominent in the NZ sample
{Figure £.4,. Report Nu. &7367/%c¢), and iz also present dp fhe oors  exbracts,
particularly the sample al L% in the N&/7-218 well (Figure 13.3, Heport

Ne. &7886/ %0,

The wmfe 217, mfe 218 and wfe 231 mass chrowmatograms indicate the presence of
femethylsteranes, air%azoh the {ndividual {somers &re not veadily apparent, a
featurse typical of maturs gamples. The Gy Ao{H) methyl-3a(H) 1o (317 (R} 20R
sterane sud  alse the d{someric Oy QQ{H}~métﬁy1v5a{H}1&5{8)1?&{&} QIR and 208
isosteranss are  appavent o the Jeo 717 wass chromatograms . The
G-methylsteranss ave generally c@nsxderﬂd tee Todicate the congribution of the
lipid vcopstitusnts of disoflagellates or comparable wmarine algee to the source
roek Reregen and ave dowmmow in Kimveridge @lay/Uravpne Formation source rocks
and ralated oils.
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APPEHRIR 1

Abbrevistionz used in snalyiical datae shests



AREREVIATIONG 'BS

afa - dg above - wudgane
Ac - acritarchsa wgedd - Wi Iun
ADD ~ mud additive MET ~ metamerphic rovks
&3 - algas mic - wicaid
A58 - RUHTPHERS micy - miexitie
arvg - argulay b8 -~ minaral
ABB = gnhydrite wny ~ wiser
- arenanLony wod - modatate
- Argill wmld - WJutaEd
- basat it ~ etk e:it
- Bedie HA -
= b8 qivc tiad &
3 ~ blue N§ -
b - Hlaachad oun =
Rk ~ Black wl o
By i - Briliiant col ~
bra ~ browmn orng ~
¢ale B walfareons 03 =
CALT > te ¥ -
garh - pal ~
Lok - Fh ~ phvtans
THK ~ gk ~ gink
CHT - pox - porous/perosisy
£LY8 E g - purgle
T = Pr - privtane
Tomy - priad - predomingntly
ors -~ Pre - wresent
e - EYRSgvr - pyrice
- QTTLTE - guarts
= Ra - rawin
- Rlew) “«
- decarbonstad b -
- dingsyst fayp ~
= dark : shog -
~ dolerite shrd -
- dolomitefdciomitin jijous =
dsk - &1 5f =
Fx - axiaite sfy -
£xs - axsudatinitve $8 -
[F o ~ extracted shly ~
£ & g1l -
fal - sks -
fay d BLA -
Fin - SLT{STY =
in -~ sity w
fogs - XD -
v - sndy -
frac - kR -
frags > SEY ~
- St -
- stke ~
~ 4L -
= suri -
- BWC B side wall core
- ) - toval depth
- peuy - total owgante carhon
= T - traceds)
- frng ~ Lramsparant
- v -
- vee -
- Tie -
- i -
= ignenus rogks VQaLe =
= including VR -
- inerpinite whid
- lamlnaajiaminazed xin -
- tost olvewd yal -
- lignit&fllgnitlt
- Sengles) = - we snalysis cavrdsd ou
- low reflecting vitvinits % - analysed but n
- Timestone gu~gn -~ grayigh green
- ilght syign - greyegrean {gradation}
- masnive BV - grevri 31} gréf

O
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o
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©
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b
&
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cables wrdyr. Wowmber in brackets refers to nurasr ¢f reflegctivity values averaged t
rad valtgs for iodigenouvs phyvroclasts ave 1 Lt

ey
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FLOW CRART FOR GEGCHERMICAL ANALYSIS
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ANSLYTICAL CROCEDURES AD TECHNIONES

This appendin suskarises che madn Staps fn vhe amalywes cavviszd oun fn Yhe
&

&
roleun geovhemistry laboratories. Analyiieal pathwavs are shown op the flow chart {dppendiz
3

ANGRY procediures and teolinigies acs glves da the vexi. in Cervain vircumstancss by adapred o Huilg
oy onditisng . Interpretatlon guidelises ave alse definsd:

i Pampls

crude ol sawples aid g&s dsmpie Edch semple ig assdgned g nunber which: o entered inte @ coupurer §ystew

sewple selection sud progress. Freparaviow techuiques arsg divgcted towavds sbtelping clesn sanples, fvee ot
13

md and mud additives, obvisus gaving ¢oovaminavien and dndeverminase fins matsr

ent {distiornmethane, DO¥} s gavried owt 48 ail-based mud is present, affer whizh

us
%
4
e
@
ot
w2
o
73
o
=
I3
p
o
L4
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o
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e
o
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&
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samples ave dried, descrived and dndividuad lithelogdes hand-picked where practicable. Sawmples ave fough gzus
1

mad to

appro¥imaiely pea~sized fragusnts for kervogen preparation or finely willed foy chawiral aualyszis.

Karogen Preparatiog

al analysis arg praparved using stendard palynciogical

Earogen conceukiatas
£

procedurss huy ondtting oxddation ov agerslysis Jid macevatisn dnvolves the use of hor hydrochlsric acid (MEL) te

Temove varbonatey dud hot 0% hydveflucric

3 remove or Sredk dows eilitdtes. Wineral residues ar
r

I

from the kercgen by 8 combimation of ult

Ferogen vesidues are svoved in methanel.

2. Barurity Evaluation

he rechmigues smployed for interpreving waturity and thersal hisvory in thase laberseories are baged waialy ou spore

codpuration and vi¢rinite raflectivity measuvement, susplementsd by data obrtained from aly

N
amslyeis, prrolysis fmex, and hydracarbon aguskysis dncluding gas ohromategraphy and gas chropetsgraphy~gass

Spure Ualouratioes

Spersmorph celowr i deosessad using a 2205 sisved kerogsn fracslan viewed In transmiived Light on & standard

b

palvrological microscope, Ununsual husy ave shecked usiag incident blus/UV iight flucrescsamce., Meassurement is mads by

L4t

eye against veferencs seps of singla grain spore mounts god traised operators achisve @ high degres of accuraey and
i3

reproducibility, The 1 to 1 Spore folour Iddex {BUTY scals was designed for linsasriry wirh Increasing depeh and
tomperatare and serredates spproximately with the Followisg zomes of of) geumerstdens 1.0 £ 3.3, lwmaturey 3.5 o 3.8,

genevarion of low gravicy olls (28 to 35 “A4FIy; 5.0 to 7.8, wmiddle metyre, generatiss of medium gyavity

N - e

P08 to 8.8, lats marure, genaration of light ails {242°AFL) and condensatas; §.5 to 10, pos

“F

arure; generation of condensage, wab gas and, wltimately: dey gers: Linsaxity of scale is of gre value dn predlictien

of the deprh £o any pere of the 91l zaueraticn seguance, Tha value of SCI nessuvenant lles o the

getive selnction of measured gralos: so winimising problems of caving sad vewerkingy and in 1tz more direct

o
o
by
o

lation agalast oil geueration than vitviniss reflectividy mesdsureneny, Limttaticas in 4¢s use conkera the

&
FEEflowlIsy of dovrelatdion gainet ofher cpolowsd acslss dod the insengitiviey of the scals in tha late o post warures

regien,.  Anowmalous colsurs may resuiv Sxow blzschisg wr stalndag during deposition and diagenesiss The correlstion of
50T agaipet Thermal Alteracies Todex (TAY) given-on the 30T vevsus deprh pdetf in the reports wss wade by divact
compaxiees of Staplin'& stendard alfides with 807 srandard siides:

Vitrinite Beflespivity

Tha walordiey of prapararions sxesined under reflectsd 1ighs i thase labovatories are wade wsiag 220w sieved kerogsn,

mountved in resin blocke snd polished wigh cazhorundum sud sluming although togel kerbogen way be used whep sauple size is



Limitved.

sade o Q itz dvthdglan miarosceps fittad with ei MEV Compact

ToOp cemputer Uy data procegsing frow eadh samplies  The sysiem is
ieetance valuss ate expresged
mgassrad and quoted in

gperator  selevtlon of particies

coptaminants or nan-vitrinitis material sve soted but not psceasarily g

viteh s iocerpreted &8 mosk sppropriate, but othed Fossibiliuies war & &

logarithmiv lgureess of reflectagee with depti R 0.5% s widely acveptsd threshold valve fov the cuser of oid
ganeration, aslthowgh 25 the kilmetics of o1l genemstion £ witvinive pefleckivity

en-ondy &% 4 peneral guids. charsoterized by a
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&
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tr
lod
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g
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&

peaks 2t a val

sages at’ ths

becsuss of tine-lampsratuve fact

ahle over a wide range
cted Liguves and dlscordance

2T

ng. Lk ods of Liwited wadue dn i

alchough @ gensral guids o waturivy may be obtalned from chitincus organic watter. Been @ skil

difficuley in distingulsiag indigenous vitrinice from some forms of dmertimite; wunowmalousiy

"preudovitrinite”, cavings aod reworked fragmentw.

Alrspace Has doalveias

roguttlngs are oolisvted at fhe wall sltve and ssaied inpavely full cans censtadining bacteriside. A

£y
the atrspace {headspace) gas i3 extracted using 3 ey fitted wirh a septom and analysed by gay chrowmaiograghy.

The proportions of wethane, wthane, grupany, apd gebutens are calsulatvsd from integrated pesk aress by cowparisoh

a standsrd wmixturs of vhgsd gasdd, Methsne Ix thea dozinant gas In immature and post matuve sediments: compeisziy

g2gy felling ¢o 30~T0% in matuve sediments. The wmset of wavuricy for oll generatiocn {SCT 2.3} 1s

<

3
Bartkad DY A incrvase o wel gas (Cq"CA} v bebween 10 end 20 with further iucreases In marurity
T pebutanss  Radies of 1.9 sre gypdusl for iomaturs sediwents and <005
gas

poreage fu the xatis of

are usush dn marsre sediweste. Uepartures from compoaition varske depth trends way by useful fn Indicgting migraas

o vessrrvoly rosks but Limlt ke method 35 a reliable matwrity dndicat: Alrgpace gas

faults, utesnformit

avalyaiy g a8 iqsxpensive and rapidly swecuied wethod of doveening sampler fov further maturisy and aydrocarbon mantent

3

sasalive Analysis asd Cotrimge Gas Auslvsis

i3

witings sampley received wet; preferably in ssaled contaipers, are sultable for gasoline end cuttings gas svaly

f‘}

]
partiun of the washed turtdngs sanple is vatained wet, pulverised in & sealsd shaker and warmsd to asxpel the C1 o €,
bydrocarbon componants davo che shaker airspace. A sample of thils airspace gas is chan removed and analysed by x
chrometography sither for muitings gas Loy mn

3
in yhe T, 2o 57 range aud their velative preportions calouizted frow invegratad peak avrsas with refevencs o

iow toral abundances and linited puwbers of romponents wberzas matura

p<%

3
standard wixtures. Immature source vouks yisl

gouTon Toous usually conraly a full cowplement of identified hydromarbosns with the onset of mawurity indicsced 4y =&

I
cotal gasoline sbundancss with dspth.  Anosalous amouats of gasolines wmey wark the presence of gil g
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g
hog
pit
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~
et
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Gagslives may be used in odl to ol or oil oo source rpuek sorrelations buv the comceubdation of some of the messured
componants Is dot oudy & fund¥ion ol scurce hul also depends om weturdey, wigraticn asd alterarion 4o che resgrvois
Wsing rthe moat stahle compovads, paivs wish similar chemical strusrurs and bodiing points sre vedussd ¥o pady vasics and
conparad with the sdwe paiy vavdas in ofhar oils or possidle source roeke: Gasoling anzlivels 18 a valusbls toolk in that
ig meaguxes Sirvectly nhe hydvoearbons deing genersted from.a sediment but s semsitivity in detscting traces of ofl

izceg constralnts on {88 G8e A% & geturity indicater.
¥



Rock~Stval

tography {867 and Cas ChrumatingraphyoMess Spectromatey [GO-MR) {n Maburiey naivsis
&

2ty funorions. ol hofh matiricy

che davel of macuricy av which souree fock hydrcgarbuns or sils have been generatads ALl these supplementasry data may

wE paor v unsvadiable.

Fvaluaticn

het, coneentrated BO

T remove

tained by treaving O.lg of crushad

] bt
The washed residus i filvered on £ @ gliass fibre pad and ifgdisd dn g lecd carbow analvger., For
3

sixeening purposes; sanples aye analyssd singly but whers further aspalysse

antitipatad) & duplicats gample 18 wxunm. Blanks and stapdards are Tud ay roatine and wherd values “frow dap
i

RS rerud. e :‘:‘ssmplzs dre Heavi l‘r" -;ta.t.ﬁe:i W,

frem watural depesics or drilling mud, TOC iz repeaved on the dried; solveny extracted saxple.

is fundamsncal in assesging source voeck gualdry sioge when combined wirh kerogen type and mabturity. a

full description: of che potencial o geserate oil way be glven, It s found o prasyice vhat s=dinents sontaining leks
thaw $,3% TOC sre unlikely to heve eny soprge potsatial, those gontalning betwsen 9.3% and 1% may he marginal sour

prax 13
buk the betfer gualicy sosvces contaln in excess of L% TO0.  Sersenipg Yy TOL is thersfore an dnexpensive and rapid

wethed af salection of sawples for furrhey analvsis

Roob~Eval Pvrolvsils

2
=

Pyvalysis dave are shiaiued using the LFP<Fina Rock-Evel apparatus, 100 wg of srushsd, whole rock sither frowm bulk
sawple oy pilsked lithology is waighed acourafely into & crweibiz and introdussd ints a fuvnace & 5070, Free

hydrocarbons {(roughly egvivalent to solvent extractable hidrorsrbous) ere volarilised apd gusniid

detactor (FID) to give Peak 1 (8., ppwl. The fsrnege temperaturs Is increased ro 35070 ax
vangs, Nexugens craek te give hydrccarbons. mensursd by FID to give Peak 2 (Sq, ppm} and ca¥don

thersad conductiivity 3 {SS, prd s The tempevaturs at the msximum rave
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but gan elsw de menitored wisually., The igs
he work pexlod and at vegnlas I a

g
The tabulated date in rapests comprdse the fodlowing parsmensrs:
Tmax *C ~  tewperature of maxioum vars of Feak ¥ hydrocatrben eveolutien.

Hydrogen Indax (HId SﬁfTDC {agig) o¢ vatio of raleased hvdrosarbon to ergamic carboan gcongsnt, ithis

g
she hydrocsrbon generaving potentdsl ramaining dn the Revogen az oppused to that of the whois

raek.
Orygen Todex (0T - SBKMGC {sgig) or ratin of relsaped carbon dioxide 1o prganic rarbon content,
Produgtion Index (¥i)s Si’ ,+mq, gy pavie of tha amount of Bydrocarbong weleaged g the firsg sfsge of Resriang to the
i

tokal awoant of hydeorarbess releazed and cysckad during pyrolysis.

Prrential Yield (PY) ~ SZ foapu) oy tarad of hvdvocarbons released during crvackiay of karoges conpsved o ariglual
welght of rocks

Tmax, hydrogen index and oxygen index dre =ach funations of hoth maturity and kerogen types Using publishad and
h

has been pousiblz to asssamble z madel ro show the ralatdonshdps of chess fackors ro warnrity as

5

measured by spore colouration sad witvlolte veflectivity for a selectdon of purs Kerogen (ypés. The Ke¥ugew typss ased

i T e =

are &lgak saprepel (Cype 1), -wary sapropel {rype 11}, vitrisdte {Type 1114} and dnextinite (type ITIB) aad s compubey

program has been devissd by which the apsunts of thess componsuts may ba caliularsd from the 8T, UL Tuax dud maturin

&



codpaaition by caleulation’ ooluens tadulal

The hydroges (ndex 1% a msdsu¥e of the hydrocarbor generatdag potential of the k
5

Tmapalure, arganiezlly wvieh sourse rocks and 0il shales give val
3]

I
Vi

values betwren GG and 3300 For a glven Rerosgen Cypes these valtes progressively

Tha ceup depends partly uo the Kevsgen Yyps but the tvansivicn fitow Iimmatuve o
RATETE STREND) res betwasn 4457 and 435°C. The wstuwrivy bransivion fyomoil sad wer gas

ganer tamperatufes betweed 453° and &60°0.  In practice, greaver variation than

¥
thesg ddsal rampelacurs vanges way be ssen, but they afe nevarthsless useful 2§ gensral guides to the Tevel of maturisy

attadned by che sedipent.

The-production index increases with matuvrizy frew valuss aear zeroe for lometurs orzanie matier to waxluum veluss of .18
durinzg the late sragss of oil genars cdor dncmalously high velues isdicste the presenss of 61l or contasinsngs. The
sotantial vield Yo an indicetdon of the Predicted yleld of hydrecarbong from the scuree veock at aptimum marurity ang is

s weasurs of the guality-of the sowrse revke For lamature sediments. valuszs of & to Z080 ppu of Rydroesrhbon

chargetarios ¢ poor siurss Yook, Z000 fo &80 ppw fade, 6000 ws 20 000 ppm good and above 30 000 ppm very goud.

penerefding potential, Hydrucarbon yields from {xmagure soures Heds examined Sn~structure may be rransisted fnte actual
oil productivicy Prom the sams bads in mature basinal, off-strycture sirvuatdons. Models relavisg wasuridy sud kerogen

type may te wsed to define wriginal goveie vech gualirty gredes which drs of great value in mapping orgenic facg

Smorsheus keroges types, dindistingeiskabls in wicrosesplc prepsrations over & vwide range of chemical properiies, may be
readily differentisved by pyvolveis. The probles of analysisg bulk samples soataining mived Katpgens has bean largely
overvowe by rhe kevdgen Lypefpaturisy podel and anomslous zssulis srising frxow the presence of cavinsg contamisation and

irilidng mud addicivss can usually he smplafged by fngpastion. High ovygew indides sometings Qorur 29 3 result of the

présance of matxstabde warvbongves and in sueh cases vhe sample ds svid decerbongtsd and ra-run,

Visugi ¥xawinaciss of Kesogen Lancentratss

411 palyacliogiaal prepavacions ow which SUI detsrminations ars wadg ave alse exemtned forx hevogew type. Visual
sstimatiows of the valacive abundixes of the Brodd groups vitridive, inertinite and sapropel are made on the tatal
kerogen silde wount but vefavencs ig dleo mede to the »I0y sieved fractics to assist fn idemeifizsation. The scheme of
idenrificavion 4s shown in Appendix Tabie L. Pull use ds made of imcddsrt Hlue wr UV lighe in disvinguishing lmmarura

oy early mature odl~pyoue Koroges fyow. gas<pruse kerogen.

n redks can be extrasted with svganic gulwenvs; fractiopatsd and analysed. The

e

The suloble oxganic wmeverials prasent
type and smount of materisl extractad depends largely uvpos the pagure of the condained v matwriey,

chough ¢he pressace of afgeant oil or deilling vonvaninatioss hay be vhe dateruinin
R g ¥ £

g,

& omakizumiof A0y of frushed gample is extrasted for a mindmuw of 12 heurs 4 4 Soxhlet spparstus vsing laburatary
vedisrilled DOM. The solvent and che mors volatile compopents {spproximately wn o n~¢lp3 are lost by evaperation in an
3izr flow and the resultiny poeal extracs ix weighsd, disselved In hezane snd sapavared inte asikens {saturats)

hydrogerbon; arvematis hydesdarbon, rasens and asplidivene {(polar) fracticus by silice asdsorption chromatography in the

I PLOCESE

Largey fractiong, sultsble for further amalysis,: are sbreined by coluwn chromateography: The extracy is ren through
shorr glass celumn packed with silive and aiuming and eluted with hewane (to give rhe sayurass fvactios),

{311 Hexane: volusme misture {¥r givs fhe avowatds frackion} and methsnol (to sive the polar; of resens and asphaltens;

fractdond. 4 small proporcion of oopssluted polar cowpounds uwskally remaias on rhe aolen.



vies offzy & wide rawge of oil anzlysss bosly fex

propesty detersinativng sre Ddased malnlv on I¥ wethods and are s

vepnrs dnslade

38 crudes. Frequencly peasurved properties of crude olls

peing, viscasivy sid contents of wever, sulphuv, wis, asfhaltets, alokel, vanadiuwg and ordsr wetals:

2f ofls fnvolves the followisg:

Hole 01 gax chyodetdagraphy - Lsing spiiv wyrings injeccion and a Lemperatute programme Lrom ~20°C wr ~30°C sy wo

at %0/ minnte:

Fasociaved gas = 3 0%l has high gasiodil vatio.
rasoling analysts ~ a3 for gasskines dn rook sawples but & weighed gusniivy of wil ds used.

Topping of the oil = thisn ig aquivalest to the removal of the frastiow hoilir

vare standardigsd product for cowpavisos of gas ghro

nlumn chepmatography and =~ a8 for sulvent exiratis. 4 out on topped oila
235 shromstography

e

S Gas Analysis

The hydrosevbon gazes. Ei o s may e colleerad from the alvsparne of sealsd canwed wamy

wali-site tesws 4n & spacial sesled gas oyliader {gas woussd. Chromatogrepbic sepavation of the C‘ ta 35 BagEs i

BETE
effrcved gs descyibed under alrspane gas analysis. In additiem, the sepagated gas components may He analyssd for stable

carbon snd hydeogen taorgspe dompesition vhick say provide valuable clues po the nrigin of the gas.

f. Bplid Bitunmen dsalygis

wwohlems are enrountared whers bitumen devaicpménts forwm cuatinucus ov patchy layers withia

g the pay zones and acting a8 baryilers to wnatural fisid wovement or inhibiting enhsnced oil recovery

tachniques. Incegrated gevshemical and sedimsncolegital studisy adw vu Producy geolsgleal models zapsdls of predinting
the wesurvense of bitvwmen layerz wnd thelyr Tikely thickuness aad 3bility ¢o act s¢ permeabyiiisy darviers. OF further

comeery Are the past or presest relztionships bDetwesn the hitumen and wsservoizsd oil. thelr source pocks and che iming
b

smalysis schemag lavalive goregning of camples by sseessisg the amount of bitumen in polished core plsces using refisctad

F
%
o

sht miercsenpy. followed by solvent: extractisn of conyrel semples To-estimats tha properciow of solv
bitumen. Ddiferent phases of bitvwmsn formatico aze differsatiated by rafle
reflecrancs measuremesnt. Solukle oxtrants are fracticmated to give alkens, drovefics, asphaltens and vessne CORPORents.

Jzparated bitumeny maY he sublected to alemental anglysis,



The data tabulated in reports coupriss the following paramebsars

Toral @xtract ~ soluble srganic mattey; heavier than sbout B8y g SnpTassed @s ppw of weight of rock.
R R X £ :
Hydrocazhons = gam of atkané and argmatic hydroiarbons, sipresssd as ppe of welght 4f rofk.
Estrace ¥ of grganic  ~ focal extrast ppmd ohe axprdctabilicy.
TR A
TeC w108
carbon {FPOGCY N
Hydrpearbong mely of
rgande carhon -~ retal by rdrmcarbons serwelised to lg of organic carbon.

Bydrovarbone € extrvact ~ tofal hydrocarbons asg 3 proportion of foval axtrast,

&lkanes A hydracarhons ~ che propsvtiow of slkeaes (ssvturates) fn the futal hrdrocarbons. The proportica of azdmativs

i (100 minus this valuel expressed as A pevcentage.

generation Zané: and diminishes to

s

The extrastabiiity of oli~prone sspropelic organic matler incréases rapidly in the oil
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very low valuss fin post marure sedimegnts, UOverall che extractabilicy of szpropelie srjenic mategs &
of gas-prove huwie organiv maniey Doy similay levels of mavuzivy. Sawples with extractabilities of greatdér chan 20

zenevally countein migrant odl or-ave tuntawninatsd with mud additdves.
As waturation procseds in the oil gepervation zone the properiien of hydrocarbens in the totsal exbvact inersases frow

bess rhan 248 ro @ wmaniaew 16 the mest prodoctive hovizeons of ayound H0%. This trend is veversed as ths ail-condensate
zone iw anteved. The wralerive proporticns of slkanes To sromarivs can be used 4z a chesk ¥or low levels of
contamdnation. ¥Fractions of the gxtvack, saparated by colpen chromatograply sve retaingd fay fercher axaiisis by gas
ahromatopraphy. or for stabls carbon lsotops derervmination.

Capiiiaxy Uas Chromarograghy of €, .. Adkatew

A porrion of the Sexhlet extracet Iis sluted with hexase through a shory silics column vo yield Ehg setuvate hydrocarbex
fraction, This fractiom. ds evaporared du .z seoveaw of dyy nlitvogen a5 voowm temperaiuve. A fwsil portdsn.ol the frvaering
&

fg thew taken wy v hexans and introduced dotd e I3 wetre, wall-osated, opes rtubuldr gliase capiliagy colvmn costad with

OVl wr equivalent, mounted in a Carlin Bfbs gas chromeiugragh which Is pewperature programmed feom 70°4 7L ax
ACiminute.
¢ chrogategrame ave {napected for the distribuvions: of pralkeses, and the presense and sbusdaneg of iscprencids

.
i34
(parricularly pristans and phyvane); sverages and trivirpases and unreselved eavelsges of nsphthesic compsiads. The

¥

ragios pristasesphytane and p!ist&ﬁﬁigfgl7 are calculated. Carbon Prefersuze Iodex (CPIY values ywoted are thoss as

SEH +C
28 30’

che karogen bype of the source vook, ifs madurity sod gondition of depogition apd, if wsigrant odl de presgeat, whefhzy

iugd by Fhilipps s the vacta ZCﬂq o % unless orherwiay svated. Ohronetopvephy way raveal iuformavion about

a@ PR

this has bean water~fluehed ov blodegraded. Concaminant dvilliing wmyd sddivives smay e iduntified.

Capillazry Gas Chromategraphy of Avemasgde and BravaP&d,uy e ddkaneg

The sromatis porvion of the Soxhilst extrsct is sluted from- g short silicalsluwing colum: by & hewsmeftoluens mixture.
o~

5 taken wp in LOW und intoodusosd foxo & 23 medvs wall~coatved, open wbulsy gless swapililsry colums
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coated with O¥-1, or squivalent, wougted in ¢ Carle Brba gas chromatopraph which is tempevarues programsed fyom 79%C to

tranched chain alkanes ere separsted fre normsl alkeves By ures addustion and srestad ge for total slkaunes:



Gas Ohyonatograchy-Mass Spesironenyy
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SPETLTORECTY 5 & Ten

Hgtgus iR which

Sragmenvaciis of ¢he soleculss infs loas

1y abtained of each pea¥ e¢luring frow $he

SromsTegraph and € wyrodturad

i
o
7
(o}

¥ can be wade.

2o Mulpople o Single Luu Haﬁitarixg Hode: The mass spectrometer is vunad Lo Seriain wmis values o detect wharher =

dompound,: eluting frem the gas chromatograph, fragments to-give @n fon At thay value. Uevtain fragmentaricus sve
indicative of specific coeprutd types and the Rost comseriy mondtored fragment ions ussed in petroleum geochemistry

are these with wiy values =f 181, 217 and 259 whlch ave the principsl fragment iune ohtainad from grouss of alkanss
[

5 vespectively, These are tvmpounds containing 2

35 cavbos dtoms arvangsd v 4 polyivelic, asyma
o& & gas c¢hromatogyaws The beeiv molsculay skelstons

srgande martar deposited in the sedikent and so

Iragnentograms or Rass chrowmavegrams. foYm a patisrn aharacterisyic of the scuroe materisl. This vechalqus of
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"fingerprintdng” 18 alsu vne of che wore exadt methy an il ke ¥s soures, oy o anckher il

Analysis
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. . Lidein g : 3 TR 5 , " .
she wore abundang O isetope and the heavier ¢ dgogope, which in narurs fovns abour

1 2
~3Cf1ﬁg

ratin are extremely swall and carbon fsscope ratics, as wmeasured By mase
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ywwessed g deviations frow s srandavd, the Peg Fee Selemnite ecarbon a
: ; ; 1% .
Positive deviations dedlicare 7L enrichusay amd comversely, nepatrive deviasticns

P-4
indicate G impovevrishment.,

While the zarbon isotope yabics of nils and rodck extratis an rvasge from -2 to «32 “fou dépending on tha source orzanic
MEELET Sype. rha differende hetwsen a spevific ofl and Iy scurece fa small. Heasusaments are uswall :
albane and avowasic hydvoterbon fracrfous sepazately snd theve stould be ng wive tHam &7 Yfua differsuce bavwiew t
sod ivs seurce fop gither frasviom, IE rhervs is any dowby that the source rock axtvaasts are moy Indigemnus to the

sourse rock Rerogew, the carbon dsotope ratiso of the extrasved sourse rook kerogen nan be wmoasursd,

derived frow thermal, sohydrous cracking of XKervogen is analysed By capiliayy zas
* ¥ & & ¥ ¥ & ¥ &
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chromatography. & feway of rock, Kerogen or asphalisne iz heated vo 00T fop 26 sevonds in the ianjectox of a gas
chramatagraph, Tha chromatograph oves fg EKeph at ~307°C duriag pyrolysis avd chew ratssd te I0U°C =% & prografwmed. tate
of Y 370 ninutes  Chyomatugrams prodeded this way are oftvew wery diffevent frow thogs of stures xeck axivactsor wils fg

v - %

rhat branched and cyclin lsomsrs ave geseravad freely giving numercusy clasely spaced pashs, slong with upsaturaced,

ke

il
3
$<3
5

vhons:  The "daubler’ pesks ofven shserved in thése ghronaiograws cowprise al ~3iKane patrs.
dsually smaller peak, being the aikesw. The ahromarsgrems rangs from &, o st o above and
sreadiy charscteristis of gource somk fype. Gas-pione karoged cradks -t give a3 wove limited

of praducts, donventratved towards whe Iight snds, vhevzas oil-prone kercgen gives moese promiment

alksne~alkans. douklets fn the Clq o Ly 36 weglon: The lergess peak from botbh typss & ssually methane.
2

Tobal {unsleved) kerogen ie prepsred as described fn Secrion 1. The dried saterial is combusved in owygen In 4dn

F

glemental analyssr and the oxidss of cardi, hedrogen. nitrogen and sulphur ave Bessured. The usburnt residue is the

ssh content. Dwygen L8 uysually calewlaved by diffarense bur cam be Aetarmined sepavately If regquived. Amawlis ace

unted as pereeuntage walghts of €, H, O« B, § and Ash with the stowis vatie W/C 2ud V8 caleulsted snd plottsd on the

Wy

srandard van Erevalen diagrsm. The relative amoents of §, B and § present in orgacds watter are dependsny on barh
soures and maturdisy:  AF Yaown maturity levels, Sowe nessure of sourse guelity way be determinad. Limitarions of the
method in souree vodk gswessment lnvolve the difficolsy of obtalstng purs kersgen (in partioulsr, fyee. fyow pyyriss) and

the Yagk of & stwple, direcy dererminstion of oxygew content.

2.8



ypidng Scheme for Trassmitted White and Incident Blus UV, Lizhs

zengral Properties BRI Feport T Type ®
Tata Tables
&lgal Sapropel Type I
Sapropelic -
{(Ddi~prong gas-prons Waxy Sapropal Teps 1%
at high waturiy)
Yitrinite : Type 11L&
Rumics
{Gag~proug} iInevtinite Type IIIB
Amovphous Structured
Non~Fluorescent Fluorescant Non~f lusrescent Flugrescent
Type L/11 i Type I o Virrinite (Type III4) Cuticle
ar high { Sapropel : brown/black, woody Spores
mALuTLliy Type 1Y ‘ tissus Pallen
{3€T >7.3) {degraded ; Diaocystrs
BPOTES) 1 {Typs T3
Sofr bitumans
Type TIT&A/R
31l residues {(bitumens) Inertinite (Typs IIIBY | Resinits
iMigeral {vadigssted) very dark brown/black, | Algae
iGrease contamination woody tilssue i {Tasmaaives,
iad adddsdves Botryncogous
‘ 2E8, )
Snlid bitumen - brown/
hlack {oil residue)
often with crystal
imprings {(Type 13

Microforaminifera,
chitinozoa sko.
(Rot uwsually ifmportant)

Spoves, cuticle edc.
at bigh maturicy
levals

Mud sddigives - walnut eto.

* Types I, IT, III approximately semey Tissor et al bur Type 11T subdivided inte
ILI4 (vitrinite} and 1118 (dpertinite)

APPENDTIY TABLE 1




Alkane pas chrematopraphy date - definition of ratios

£PIT (Bray and Evansy:

ol ol T a T e L o I o
S v +O R AU VL OV
Vi +
TR O T oo e SHETSNE TGRS SRS GO
;j‘qz@{ Sty PO Ut Cyt T 7L Gy E

P12 {(Radke snd Statesiy:

) i 3 LY & T Y T
3 ST S Y ) U ¥+ U P,

Y = Fas)
(,,%%« Lw+ \,3@4*(%\2

£ o ~ s =
\\_’2,1 * {"Zt-$ (’2.3 ’ (Vw

CPL3 {Statold-and Philippi):

Bias:

Gasoline ratios - defiaition of indices

Late mature index - Benzene//methyl cycluhexane

Aromaticity index - Tolucae /n-heptans

Heptane index« p-Heptane/all C, compounds {%)

Fro-heptane index - Methyl hexanes {now-cyclic} /dimethyl cyclapentanes
Kerogen typeindex - Heptane indow-4/Teo-heptane index



APPENBIX 3

Index of alkane solscular bBlomarker
LG-M8 peak sssigoments



SEOH) L BY () and 5@(H3 Gox (B L T (K Coya Gpy and C,, regular  {noermal)

steraties and Sa(HYLA8HILTAG Cawr Cap aond €, isosteranas

213

Feak Assignmant

A T4l I Tn () 20R cholestans

Sai{HY lda(BY1 7ol 208 oholestans

S Hy 18 {B)174(H) B izocholestane

SalHY143(HY178(H) isocholastane

S { Y 1aa{H) 1 7adl) cholestane

24 ~methyl- 53¢ {X‘stH)lfakHX 20R cholestans

26~methyl-Sa{{ Las{HY 1 7a(H) 208 cholestane

24-mathyl-Sa{HYLGB1Ta{HY 20R isccholestans

24 ~mathyl-SadHY LR 178 (H) 208 iscchealestans

24 -~mathyl-9a{HYLaa i) 1 7a(H) 20R cholestane

2haethyl-SF (MY Lha (HY 1 Ta(H) 208 cholestane

2&»ethyln5m{ﬁ}14m{ﬁ}1?&{5) 208 cholsstane
G-othyl-Sa(BYL43(HL7AH) 208 isocholestane

@ ethyl~So(HIL4AS(HILTR{H)Y 208 isacholestans

s Qtnyl Sa(H) laa{H}17a(R) Z0R cholestans
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Configuratvions:

a SHEY BhadHd 1 7ad(H) 20R (impaturs oy blological configuration)
b Sm(H)lwa(ﬂ}x;&(ﬂ} 208 {regulay oy normal sterane)

o See{H) 1SafHIVTa i) 208 {(regular or normal sterane)

s S { ) IASHEYI T8N 208 {izosterane}

e Sa{H)IAS(HYL7R{R) 203 {iscstersne)

411 steransz listad are Likely to ba 248 aredl 248 epimers which cannot be
spparaved with the chromatogeaphy conditions used,

The alution sequernss of normal snd isostevanss fov each of the Coys Gy and Gy
groups is  as showyt din  the above liscing: S H) Lo (Hy 17 {H)} 205,
Sa{HILLAHIITE(H)  20R, So{HYL4B(HYTTEHY 208, Sa(H)lbalili7add) 20R.  The &,
U,y and st SAHI Mba{H )} 17 {H) Z0F steranes approximately oceoelute with the
respactive  C,., Cpy and .0 So(H)1A8(H}LT78(R) 20R lscsvevanss. The ovder of
tharmal stahilicy of the stevanes s SofH) » 38{H}), Sa(Hy 203 > 3a{H) Z0R and
ERRYLISERY > Loo{B3 1 TadH) .

C bedesmethylsteranes have besn identified and ars considsred e be
hiological wmarkevs for wmarine ovganic waterial; however, thess Coupounkds
st be differsntiared fyom C,, %-methylstevanes without metastable lon
wonitoring {(CGC-MS-ME}). Cyg &»:aavethv steranes soour with  Se{H)l6a(H) 170k
20R and 203 and So(H)L&S(HYL/B(H) 20R and 208 (isoxtevane)} sonfiguratisng. O
steranes have also been ddentified (Shi Ji-Yang et al., 1982} but agre rave.



HETHYLSTERANES

SadHY and AJ0H) Coa ng.and C,, methylsceranes

Pesk Assignment

fEzed C,y Sa{H)-methyl-3o(H) lde(f)17a(H) 208 chelestane

MEEED Cun Sal{H)-methyl-58(H) LaalH) 17a(H} 20R cholestane

waide Gy Sul{H)-mechyl-Sa{Hi148(H)L78(H) 208 cholestane

mEZaL - GeiHY-methyl-5a{H}LEB{HI LTS (Hy 208 cholestvane

mezac Cog GpiH) -methyl-5alH) lda(H)17a(l) 20B cholestane

W28 Doy LE(HY ~minthyl-Se{Hylba(HY 1 Va () 20R cholestane

manes Coy Sa(H)-~methyl-Sa(H) Ladl) 1 7a{ll) 208 methyleoholestane
ME24h ng Go(H)-methyl-38H)Y4a ()1 7a{8) 20R methylcholestane
ST Be oo ba(Ry-methyl-Sa(HyL4g(H)178(H) UOR methylcholestans
MSIHE Oyo Soe{H) -methyl-Se{f) 63 HIL7E{H 208 methylcholestane
WRRGC C,q So{H)Yemethyl-Seii)lda(H)i7a(l} I0R methyleholestane
MS2%a aag G {Hmethyk By {H) bl Vi) LO0K methyloholegtane
fHR3ad Cyp So{i)-methyl So(d)laa(H)17a(l) 208 erhylcholaxtans

mE305 Caa Go{Hl-methyl- 3801 Laa {H) L 70y 20R ethylcholestans

miite Cag Ge{Hy -methyl-2a(HY LG8 L78(H) 20R ethylcholestans

MEINE Uyp S (H)-methyl-3a(R)LLD1T7A(H} 208 ethyleholestans

mestc Uyy Se(By-methyl-Sa(B)loa(H)17a(H) 20R sthylcholestans

MmE30s Lag GRHY ~methy - S K2 1oa (B TTad{H} 20R ethylcholestane

Configurations:

G8(H 3 (H 1 4a{l} 1 7a(H} 20R (immature)
B SedHidFNY S Dy 208 {immature)

&

o G{Hr S (B lsa Ry Ladly 20R {regulay or wormal methylatavane)
d Gy {H) Sa(HY Maa (1 7s(Hy 208 (regular or normal methyisterane)
& Gox (H3Sa{HyL4GHI LT8Ry 20R (isomethylksteavane}

£ S (H)SaedHI T4 M 7 2{E)Y 208 {isomethylstervans)

Hotes:

The full  stersochemistyy of the methylstevanes, that 1is, esithsr the
23,24~dimeathyl {dimsstevans) or the 24-ethyl configuration, cannot ba
determined witheut £ull scan GU-ME analysis and examination of wmass spautra.
Mass spactra of 23, 2% -dimechylsterares (dinvsteranes) show a significant {on at
mfe 188 (Goodwin et al., 1588). The elution sequence of the . C,, and Gy
Semethyi~18a{H)L7a{H} 20R stevanes iy &ox{HY38{H), La(H)Sa{H) and 4B{H)3a(H).
I synthetde minturss of 4-mathylsteranss, the SHEIGS(HY isomer eliitey hetween
the So{H)BA(HY and 4a(B)5aiHy (Gopdwin et al,, 1988} but doss uneh appear o
aecuy naturally.

The ordsy of thermal stability of the unasturally ccourving 4-wmethylsteranes is

> 48(H} and So(H)Sa{H)y > da(H)SA{H) (Volff et &l,, 1986). Thse elution
sequaence of da(H)-methyl-Sefidléa(®) Vol snd  boll) -sethyl S {BYL4S(HI LTS (]}
stevanes oy each of the ., C,, and G,y groups 1s similar te the desmethyl
stevanes and s as shown in the above listing! Aaf{H)-methyl-Sa{H)laa(H)17a(H)
208,  Aa{H)-methyl-Sa(R)ISARILTEHY 208, 4a(ly-methyl-Sa(R)148{HYL78(R) 24§,
Ao{Hi-methyvi- 8B laa{H) 17 (¥} 20R. The corday of thermal srabilicy is presumed
to be comparable to the desmethyl steranes,

Compounds  {dentified as methylsteranes, but subatituted at a position other
el

chan af O-4& on the A-ving, have heen reported (Fowlsr amd Douglas, 1¥87;
Swummons and. Fowell, 1887, Suwmmons ev al., 1387}, but asppesy to be vare.



Z’?
%
e
[
f2x3
53
*—-}
%
b
e
170
pors
4
6.
w

3
%
H
%2
o]
7y
el

LIS{HY (Y and 13e(HM7EHY O Gy and C,, rearvanged stevapes

£l &

Foak Aszignmant

raia G, 138(H)7a(H} 208 diacholestane

vate Chy 138} LTa(H) 20R diacholestane

YETs C,y 13a(H}17A(H) 208 diacholestane

rata Cop La{H}L78H) 20R diacholestane

r2ag Cpy 28-mathyl- PIZH Ty 208 diacholsstane
TEse Crp 24-methyleLIF(H}17a(H) 20R diacholestans
T28h Goy 28-methyl-13a(H)LTA(H) 208 diacholestans
¥28a C;s 28 me“hvi lia(l)if&(l 208 diacholestans
rasgd Cra 2l ethvl*liﬁ’ﬁ}l*afﬁﬁ 208 discholestane
Yise Coa 24-2thyl-138(H}17a{f) 20R diecholastane
pa- Goe 2G-ethyl-13«{H)178(H) 208 diacholestane
rivs Cyg 24-ethyl- -13adHI LAY 20R diacholestane

Configurstions:

a Ve fHYLT8H) 20R
B ix(H)YL7B{Hy 20§
< LIy 7aiHy 208
d 13/ V7aeiHy 208

Noves:

Al1 resrvangsd stevarms listed re tikely to be 26 and 248 epimers which, with
the exceptlon of G, Z&-methyl-138{H}L7 (H} diacholisstanes, camwwt novmally be
separated with the hrorat@graan” conditians used.

The ©,, 24-ethyl-133(H)17=(H) 208 diachelssztane co~alutes with the G,

i 3 el ™7, 1 3 ! 3 b 5
Se{ HYI&SHILIA(HY 208 isachoiegtane and the O,y 24-athyl- 13&(3}1'6{ 3 20R
diacholestane ca-slutes with the Cog 2hmethyl-3a(H) LR (B L7 8(H) 208
isochplestane undey wnormal chromatograghy sonditions, The P3a{HYLTR(E

configuration iy less thermally stable thaw WEAHEI T add).

4¢ rearranged steranes alse ocour, with 38(Hi1Vall) 20R and 268 and
3&{3}1?5 H) 20R and 208 cordigurvavions.



TRICYCLIC TERPANES

Paak Assignment
tig €,y tricyells terpane
G,y trigyelin terpane
¢, t¥icyclic terpans
;22 ﬁr%cyc}%c Lerpans
pRcte) §23 a:3cycx}c TRYpans
Cae Cos ts;cya}xc Ferpaim
tzs €5 trieyelic terpane
e dd G, tricyclie terpanes
w27 T,y trigyelic nerpanes
£z Cpp tricyolic tevpanss
£28 C,y tricyolic terpares
3¢ Uy tricynllic terpanss
Hoves:
Copr  Dagv Oy and €y, tricyelic tevpanes ocour as isomerice pairs {at C-22).
Oy, and Gy trievelic Lefp&ﬁea are generally lesz abundant, suggesﬁing
branching at these pasiticonz. Tricycelic verpanssz of higher melecular weight,
up e G, and higher, have been identified (Moldowan sr al., 19833}, but Are
unuswal. Helle et &l. (1988} idemtified ©,,., C,., C,, and C,. tvicys =lic

taypanes in Braziliasn oils.

TETHACYOLIC TERPANES

Sace~17 21-hopanes

Pealk suglignment

124 €, tetracyclle terpane
T26 G, tetracyelis terpane
Naotes:

"

lated compounds and have the strusture

-

The tetrasyclic terpaves sre hopane g#
saca~17, 21 -hopane.,



FENTACYCLIC TRITERPANES

C,, and G vo O, Vel{HMZIg(H) and 175(R)ZI8(H) thopsde and 17800 21a(w)
mors tang Series

Gy, and C,o to O, L¥a(H)21B{H) nopsne series:

Faak aszignment

hors s 18 (H)~22 .29, 30 -crisnorneshapane (Teld

Baim G,y LVe(H)-trisnorbopane (T}

Hag ng 17ac{BYZIR(HY - 30 -norhopane

Fay Cyp 1Fal{H)21F(H) -30-hopans

hais €., L7a{H}218(H)-30, 3L -bomchepane 228

hag Gy 17a(H3ZL8{H}-30, 3 -homohopane 22R

huzg Cyp LPo{H}218(H}-30, 31 -bishomshopane 228

hazr Cay LM 218000 - 30, 3 -bishonohopane 228

haas Sy a2 RA(H-30, 3L - toishomohopane 238
haan Goy Va(HI21G{HI-30, 3L-trishonohopane ZER
haas Gy PTa(HYyLTRHY ~30, 31 -zetrakishonchopans 228
haen Gy Pla{Hyd12(H)~ 30, 31 -cetrakishaomohopans 228
hass Cyg 17a(HIZIR(HY-30, 31 -pentakishonohopans 228
Husk Oyq PleelHYZIR(H)-30, 3l-pentakishomchopans 22R
Cyp and L, to G, 17E(H)Z1a(H) woretane ssries:

Paak Agalgnment

me Gy L78{(H}210{H)-30-rwemoretans

mag Caa I8y 2le(My~30 -mavatang

ke Cyy LM7A{HI21a (B} ~homomoretans

a2 Caa 178{H) 2 {8} -bishonomoyatane

Cgp L7A(HY and C,y to G ITHHIZIAHY hopane sevies:

Feank Assignment

bay Cyp HPE(HY trisnorhupane

Bizg Cog L78{H)218(3) norhopans 22K

b3y Gy L78(H)218(H) hopane 2R

hay Cay VIA{HIZLE(H) homohopans 228

30 Gy, L7R(BHEIIA(HY-30 31 -bishomohopane IR

Toza Cog 1?3{&}21&(8}*30 3i-trishomshopane 22R

has Goo LVB{HI2LB(H - I-verrakisbomohopans 23R
b3z Gy 1*6(&‘?1F(h%~SU,“1~pgrtarishamshcpana 23R
Nogasy:

The G, to G,y pantacyelic tviterpane (hopane} series of compounds have been
identifisd with L17{H)218(H) (hopane), 178{HI3la(®) {worstansgy and L7S(HYRLA(H)
{hwopane) configuracions. Gy, trisncrhopanes have ne side-chain av C-21  and

bave elther the 1Ta(H} ov the 178(H) senfiguvation, the former being the move
thermally atable and the latter form generally present in Immaturs sawples
anly, The C,, L8x{H)-trismcrneohopane (Ts) is move thermally stable tham
la(B) ~trisnorhopare {(Twn).  J-methylhopansgs ars rarely present and way ba
detscted by uze of wmfe 20% mass chromatograns (MoBvey and Gigew, 1886},



URSATURATED RENTACYCLIC TRITERPEROIDS

feak Assignment

uhig Cyy 22,38 30-tvisnornechop-13(i8)-ene
e Cr crxanutbap-17 e

uhs Cog Forhgp F{21) e

ub Cog 30-neovor-13{1 }~ena

uhys Cap Bop-17{21})-ene

ukis Gy niohap-13{18)-ene

Bt s Gyy homohiop-17{21r-ene {22R and 228}
Rotax

Unsatuvrated pentacyclic compounds usually ozour in thermslly immaturs sanples
snly

CTHER PENTACYCLIC TRITERPENOIDS

Peak Agsignment

T Cyy 1T7o{H)I8a(H}218(H}-25, 28, 3 vrisnorhopans
Thm Opy FB(HYI8a(H} 21l () ~15, 28, 30 - trisnormoretans
i: Loy L7o(H} I8« {HI218(H}~28,30-bisnoriwpans

Hyum Loy 148{H I8 {HY 2 la{l) ~28 30 -bignormoretans

& Cupy gammacerana

3 Cyp l8a(H) vleanans

g Cyg 1881(H) oleavans {Mcompound J7}

L G.n lupane

Y €., triterpane (structurslly unelucidated)

X Cyq mrxiverpane (s tzucwurallv unelucidated)
Notes:

The Gy, 18x{(H) olesnane and 18F(H} cleanane {forxmerly “compound J% of Grantham
gt al., 1¥83) coelute ot standard GU columng, The 188(H) oleanarsg is  lesg
thovmally stable then 184(H) nleanane {(Rive et al., 1988).

The structurally snelucidated C,, and Ciy pentacyclic triterpanes ave psaks ¥
and X, raspectively, of Philp and Gilbert {18863 .



DEMETRYLATED HOPARES snd DEMETHYLATED HORETANESR

Cyy and G, to Gy Fa(HY218(H) -ZS-norhopanes and 178{H) 2la{R)-35 - noomgreranss
Peauk Assignment

dhzss Cop 18a(HI-22,25,29, 30 retrakisnornechapane

dhzam Cog 17a{H)~ 22,2528, Wereryakisnorhopane

dhis Cpy Mle{HIZIG(H)-25,30-bisnovhopane

dmza Cog I78(H 2T (H) ~25, 30-bisnoymoratane

dhzg Cag 17 (H)218{R)~28-norhepane

dmay oy LIB{H}2la{H}-25-normovetane

dhaos Syg LTa{HY21E(HY -Z5 novhomohopane 228

dhask Cp L7a(H3 218 () ~ 25 “norhomohopane 2R

dhay Cyy l;&x%}zlp(b) 25 norbishonshopane 228

dhais 84, LI {HY218{H) ~ 25 - norbishomohopane 22R

dhsas Ogy L7a{H)2LA(H)-25-mortrishomchopane 228

dbsan Can L7 (B 218{H) - 2% -nororishomochopang 22R

dAhsas Oy V7a(HIZLA(H) 25 -nortetrakishonohopane 235

dhsan Casy }.7a(}§)21ﬁ‘}€) ?5 -nortetrakishowohopans 38R

dhzes Cae LiafBY2LA{H) - wrpentakishosohopans 228

dhasr Cag 1?&(&}%;3\3}“ﬁ;“ﬂOf?@ﬂt&KlShO&QﬂQ?ﬂﬂ& 2ZR

Notes:

Huclasar degethylated hopanes are hiclogical markers for severs bacterial
degradation (Velkman et al., 18832 and b), Demethylatien invelves the loss of
the €~253 wmethyl group frow the G-10 position on the &-ving (Rullksiter and

Wendisch, 1882).

DEMETHYLATED TRICYCLIC TERPANES

Pask Ssxignment
iy C.x Erisyelic ferpdne
iy 8;9 trioyeliec terpans
dtza £, tricyelic tevpans
dyay ., tricyelis tevpans
dtaz €., tricyclic terpane
dtas Gyy trigyelic terpane
dizs sy EBrieyolic rerpane
dtas Gyy trieyelic terpanes
duss G, tricyelic tevpanss
dtay Gy tricycllc terpanes
Lz C.y trigyelic terpanes
deze Cyy tricyclie verpanes
Notes:

Thase compounds arve wralatively wwsual and arve indicative of the severest
levels of bicsdegradavion (Hewell et al., 19B4). Gzﬁ, oo ©yy and (o
demethrliated tricyelic terpansx cecur as isomevic (at {-22) pairs.



SECOHGPARES

Peak &saignment

sha ¢,; seco-~8, Lé-hopans
shz Gpgq weco~8, Le-hapana
sy Gy, 8eco-8, L hopans
Hotes;

ooe

acyelic ‘verpanss in degraded oil staing fvom the Moevendava Basin of
Madagascay have bheen identified as Ring- opened  sece-§,14-hopanes by
Eullkotter and Wendiseh (1582), Stereochemistry at O-8 and €14 gives riss to
geveral lsomers and bigher dnd lowey carbon numbers way alszi be pregent. Hinor

2

amounts of secchopanes wers detected in Brazilian oils by Melle er al. (1988).

]
.
i)

OTHER COMPOUNDS

Paak Assignment

B¢ Ly, bBofryocoscane
8 Gy, squalane

fits H-=parotane
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