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1 SUMMARY

Petroleum geochemlcal analyses have been carried out on behalf of Phillips
Petroleum Company Norway of hydrocarbons in four drilling fluid samples from
the. K2/7-27S well, Embla Field, drilled in the Norwegian North Sea.

The samples submitted for geochemical analyses comprised four sealed, canned
drilling fluids corresponding to drilled depths 4966', 6181s and 7047' (two
samples, corresponding to circulation at 00:00 hrs and 16:15 hrs} on
25 November 1991, Geochemicai analyses were carried out in order co determine
the nature and origin of hydrocarbons encountered while drilling arid to compare
the hydrocarbons with oils and extracts analysed previously from the Enibla
Field area. The analyses have been carried out on a rapid completion priority
bas j.s.

Headspace gaseous hydrocarbon (C1-G6+) yields for the four drilling fluid
samples are relatively high, particularly for the two samples corresponding to
circulation at 7047', whereas gasoline hydrocarbon (C^-C,) yields and solvent
extraction yields are low. These data indicate that the'hydrocarbon influx to
the well bore is predominantly gas, derived from a deep, mature source rock.
Gas chxomatography analyses of the very small solvent extraction yields show
oil-like distributions, indicating the presence of minor amounts of oil in the
drilling fluid.

Gas chroæatøgraphy-mass spectrometry (GC-MS) analysis of branched and cyclic
alkane fractions of the two drilling fluid extracts corresponding to
circulation at 7047' has been carried out. These data indicate that the
hydrocarbons in the drilling fluid include a minor oil component, derived from
a. ssiddle mature ot later middle mature Kinmseridge Clay/Draupne Formation source
rock. The oil component is comparable to oil staining in core samples analysed
previously from the N2./7-20X and N2/7-21S wells (Report Number 6796/Ic).



2 INTRODUCTION

This report describes che results of a petroleum geochemical analysis carried
out on behalf of Phillips Petroleum Company Norway of hydrocarbons in four
drilling fluid samples from the N2/7-27S well. Embla Field, Norwegian Norch
Sea.

Following an initial telephone conversation on 27 November 1991 between
Mr M Kings ley of Phillips Petroleum Company Norway and Mr M A Bastow of
Simon-Robertson, a suggested analytical programme and costing for geochemical
analyses of four drilling fluid samples were forwarded to the client on
28 November 1991 (fax reference 8329), Four sealed, canned drilling fluid
samples were received at the Noreh Sales laboratories of Siraon-Eobercson
on 2 December 1991 (airw:-y bill 117/2644-0886). Geochensical analysis have been
carried out in accordance with proposal number Ic/91/060 and service order
number 43862, The geochemical analyses were carried out on a rapid completion.
priority basis and preliminary results of analyses were forwarded to the client
on q December 1991 (fax references 8459 and 8477), 6 December 1991 (tax
reference 8515) and 16 December 1991 (fax reference 8717),

The total numbers of" geochemical analyses carried out were as follows;

Headspace gaseous (C^-C^.) hydrocarbons
Gasoline range (C4-C7) hydrocarbons
Quantitative solvent extraction
Non-quantitative solvent extraction
Whole extract; gas ehromatography
Alkane gas chroisatography
Alka-ne gas chrosaatography-mass speetroiaetry

4

4
2
3
2
2



3 RESULTS AND INTERPRETATION

This section of the report describes the results of geoehemical analyses of the
drilling fluid samples and presents a detailed interpret-at ion of the data.

The four drilling fluid samples were received for geoehemical analyses in
sealed cans. Documentation received with the samples indicated that ths well
was circulating gas at. the time that ore of the samples corresponding to a
drilled depth of 704?' was collected, and therefore Che samples were submitted
for airspace gaseous hydrocarbon (Ct-Cg+) analysis. The results of these
analyses are presented in Tab Is 1. " The total headspaee gas yields are
relatively high for drilling fluid samples;, but consistent with the circulation
of large amounts of gas in the drilling Quid system. The headspace gas yields
of the two shallower samples at 4966' and 6181' are dominated by medians, with
small proportions of ths heavier G, to Cg+ components. The two samples at
7047' contain significantly greater proportions of heavier gaseous
hydrocarbons, particularly ethane and propane. The data suggest a significant
increase in the rate of gas influx to the well bore at about 7047*. In each of
the four samples analysed, the proportions of the heavier wet gas (C,-Cgi)
components and the iso-butane/norais! butane ratios indicate that the gas "is of
thermogenic origin, rather than of shallow, biogenic origin. The headspace
gaseous hydrocarbon analysis data therefore indicate the influx to the wall
bore of significant amounts of gas derived from a deep, mature source, at a
rate which increases significantly at about 7047'.

Gasoline range (C^-C^) hydrocarbon chromatograms for the four samples are
presented in Figure 1(1-4) and the gasoline range hydrocarbon data ace given in
Table 2. The total gasoline hydrocarbon yields, which reach a maximum of
3360 ppb at 704?' (16;15 hrs), are small in comparison to the headspace gaseous
hydrocarbon yields, indicating chat the influx to the well bore is
predominantly gas rather Chan light oil or condensate. The ratios of the total
headspace gas yields to the total gasoline hydrocarbon yields are smaller for
the two samples at 7047' than the shallower samples 4966' and 6181", possibly
indicating & slightly more significant heavier hydrocarbon component at 7047s,
compared to the shallower samples.

The distributions of gasoline range hydrocarbons in ths two samples from 704?'
are very similar to each other and in addition are broadly similar to oils
analysed previously from the N2/7-2GK and N2/7-21S wells, although the canned
drilling fluid samples contain slightly higher proportions of ths cyclic
alkanes, mainly cyciopentane, tnethylcyciopentatie and also mechylcyclohexans.
The reason for this enrichment in these cyclic alkan® components is not
apparent. The distribution of: gasoline range hydrocarbons in the samples 4966'
and 6181' are dissimilar to the samples at 7047', In view of the very small
gasoline hydrocarbon yields for the samples 4966! and 6181' (35 ppb and 135 ppb
respectively), th« possibility that sainor hydrocarbon-based drilling fluid
contaminants contributed to the gasoline range hydrocarbon data should be
considered.

The gasoline range hydrocarbon analyses indicate that the two fluid samples at
7047s raay contain tainor amounts of oil, the light hydrocarbon fraction of which
is broadly similar to oils analysed previously. The data for the samples at
49$6' and 6181' is more equivocable, and any oil present; in the mud is in very
small amounts. The gasoline hydrocarbon data indicate that the hydrocarbon
influx to the well bare is dominantly gas.



The results of quantitative solvent extraction of the four drilling fluid
samples are given In Table 3. The solvent extraction yields are all vary low.
The extract weights obtained sre as follows:

Depth (feet) Extract (mg) Extract (ppm)

4966 1.0 10

8181. 0.6 5

7047 (16.15 hrs) 1,6 15

704? (00.00 hrs.) 1,9 15

The sample extract phials were noted to be clear, with no visible extract
colouration.

These data indicate, that the drilling fluid samples contain only very small
amounts of heavier hydrocarbons and confirm that the influx to the well is
dominantly gas. The very small amounts of extract obtained from the
quantitative solvent: extraction precluded the application of a number of
geochemical techniques and also resulted in some difficulties in carrying out
the gas chirousatographic analyses, SLS described below.

Whole extract gas chromatograms for the samples at 6181' ard 704?' are
presented in Figure 2(1-3). Insufficient extract was available far whole
extract gas chroro*cography analysis of the sample 4966'.

"The whole extract gas chrontatogratas are dominated by the solvent peak,
indicative of the small aswunt of extract available for analysis. The samples
at 7047' show an oil-like distribution o.£ normal alkanes. The normal aikanes
decrease steadily in relative abundance from about «-C1S upwards and minor
amounts of longer carbon chain length normal alkanes up to about -»*C3g are
apparent. The. isoprenoid alkanes pristane and phytane are present, with
pristane dominant over phytane.

The whole extract gas chroraatograci of the sample 6181' shows a possible trace
of an oil-like distribution of hydrocarbons, represented mainly by normal
aikanes between r>-C13 and n-C,6, with very small traces of longer carbon chain
length normal alkanes. However, the chrorsatogram appears Co be dominated by
contaminant peaks which may be derived from very small amounts of
hydrocarbon-based substances in the drilling fluid system.

Alkane gas chroma tcgcstits of the two samples at 7047' are presented in Figure
3(1-2) and the alkane gas chromatography quantitative data are given in
Table 4. Despite the small extract weights, the alkane gas chromatograms show
good peak resolution and illustrate the distributions of alkane hydrocarbons in
the extracts. The alkane gas chcomatograms ace very similar, indicating that
the nature of the hydrocarbon influx had not changed significantly during
circulation at 704?', Hie chrosiacograras are dominated by normal alkanes at
H - C U and n-G.!5. Normal alkanes decrease steadily in relative abundance f roa
n-C}6 'jp to n-C,5. There is no significant odd or even carbon number
preference which. combined with the pristane/n-CJ7 and phytane/n-Clg ratios,
Indicates generation of the oil from a r&iddle "mature source. Polycylic
molecular blomarker peaks are not: clearly apparent in the higher molecular
weight range of che ehxoæatograms, indicating that the steranes and triterpartes
are in relatively low abundance, consistent with a mature source. The



chromatographic baselines are. approximately flat, Indicating that the extracts
do not include a significant degraded oil component.

Due to the very small extract weight: obtrained from the initial, quantitative
solvent extraction analyses, it was necessary to carry out further extractions
in order Co obtain sufficient hydrocarbon for more detailed alkane gas
chroma?:agraphy-mass spectrometry (GC-KS) analyses. The two samples at; 7047'
were selected for further analyses and as large & volume of the drilling mud as
possible was extracted non-quantiuitiveiy. Sufficient extract was obtained
from each of the two samples for al.ksne GC-MS analysis.

Alkane GC-MS analysis of bcatiched and cyclic alkane fractions of che samples at
7047' was carried out. Selective removal of the normal alkanes generally
improves the peak resolution, particularly in cases where the polycyciic
molecular biossarkers are present in low abundance. Selected alkane GC-MS rasss
chronsatograms are presented In Figures 4(1-2) to 8(1-?.) and the calculated
GG-MS ratios are given in Table, 5, The results obtained are generally good,
with good peak resolution, enabling the sterane and triterpane biotnarkers to be
identified. An index to the GC-MS peak, assignments Is given in Appendix 3 and
the GC-MS quantitative data are given in Appendix 4(1-2).

The m/e 191 raass chromatogrsxas (Figures 5(1-2) and 6(1-2)) show the
distributions of the G.ig to Ĉ,,, tricyclic terpanes and the C27 to C,.
pentacyclic tricerpanes (hopanes). The moderately high ratio of che C*.
18a(H)- crlsnorneohopane (Ts) to C,.? 17#(H) -trisnorhopane (Tin) (ratio 1, Table
5) indicates generation of the oil from a middle mature or late mature source
rock. The other triterpane maturity parameters are consistent with the Ts/Tss
ratios. It is noted that the 1&/Tm ratios are comparable to the core extracts
analysed frosa the N2/7-20X ard &2/7-215 wells, but are lower than the values
obtained for the tested oils analysed from these wells, The data indicate, that
th« oil present iti the drilling fluid samples was generated at a lower level of
maturity than che tested oils. The medium to light oils analysed (Report
No. 6796/Xe) were generated fron: a middle to late or late mature source.

The m/e 191 mass chromatogrsnts do not show significant amounts of the C,R
]./cs(H)lSa(H)2I^(H)-28,30-bisnorhopane, Whereas bisnorhopane is a consson
constituent of Kimeridge Clay/Drauprce Formation source rocks, the relative
abundance of this compound typically decreases markedly with increasing
maturation and may be very minor or not distinguishable in hydrocarbons derived
from middle to late mature source rocks. Law relative abundance of C,,
bisnorhopane was also noted in the oils and core extracts analysed from the
N2/7-20X and K2./7-21S wells,

Deraethylated hopar.es (25-norhopanes), the presence of which would indicate
biodegredation of the oil, are not apparent on the m/'e 177 and m/e 191 mass
chromafcograms.

The m/e 191 isass chromatograsss include an unidentified C30 criterpane, which
corresponds to the peak X of Philp and Gilbert (1986). This structurally
unelucidated compound appears to be therm&dynamically more stable than the
hopanes, and is typically relatively abundant in late mature samples. The
relative abundance of this peak in the drilling fluid extracts is comparable to
the core extracts analysed, previously, but less than the tested oil samples,
indicating that the oils are derived from a more mature source.

The m/e 191 mass ehroæatograis of the sample corresponding to circulation at
16,15 hrs (Figure 6.1} includes an unidentified component, labelled UI, which



coelutes with the later eluting C.g tricyclic terp&ne isoæer, This compound
may also be present it! the sample corresponding to circulation at 00.00 hrs,
(Figure 6.2}, but is less apparent. This component was noted in the core
extracts analysed previously, bat not In ;:'he tested oils. The origin and
significance of this peak regains completely uncertain. The drilling fluid
extracts also appear to contain minor amounts of three other unidentified
components which were identified in the core extracts.

The Cz?, C?s, and C2S sfceranes are shown on the m/e 21? and m/e 218 aass
ehrcmatograæs (Figure 8(1-2)>. The distributions of the steranes are
consistent with generation of the oil fros a mature source and do not show the
effects of degradation. The sterane distributions are similar to the oils and
core extracts analysed previously, indicating that these are derived from the
same source. The data are also consistent: with generation of the oil from
source rocks in the Ki aimer idge Clay/Draupne Formation.

The C27, C2a and C'23 rearranged steranes <diasf:etanes) are shown on the m/e 259
mass chrojsatogranjs {Figures 5(1-2} and 6(1-2)). These diasteranes are more
thermally stable than, the steranes and increase in relative abundance at later
maturity. The relative abundances of the diasteranes compared to the steranes
in the hydrocarbon extracted from the drilling fluid samples are comparable to
the core extracts, indicating that these are representative of similar levels
of maturity, whereas the diasteranes are relatively more abundant in the øiib.,
indicating a. higher level of maturity.

,eThe m/e 259 jrass chromatograras include «n unidentified peak, labelled U2, th
origin of which is uncertain. This peak Is also present in the oils analysed
previously and is particularly prominent In the N2/7-21S DST-3 sample
(Figure 6.4, Report No. 67%/Ic) , and Ls also present in the core extracts,
particularly the sample at 15281,7' in the N2/7-21S well (Figure 13.3, Report
No. 6796/Ie).

The m/e 217, m/e 218 and m/e 231 mass chroaiatograms Indicate the presence of
4-ssethylsteranes, although the individual isonters are not readily apparent, a
feature typical of .taaturs samples. The C,.} 4a(H) 'methyl-5a(H)14a{H)17«(H) 20R
see rane and also the isoaieric C.,a 4a(H) -méthyl-5a(H)14^(H)17j8{H) 20R and 20S
isosteranss are apparent on the s\/e 217 mass cfcroniatograms. The
4-methylstsranes are generally considered to indicate the contribution of the
lipid constituents of dinoflagellates or comparable marine algae to the source
rock ksrogeti and ate cofwaon in Klmroeridge Glay/.Oraupne Formation source rocks
and related oils.
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COMPACT: PHILLIPS NGRtfAY «'ELL: S2/7-27S LOCATION: NORWEGIAN NORTH SEA

ÅI&8P&CE CASSOUS HYDROCARBON DATA

AXESFACE' GASSQOS HYDROCARBON DATA
TABLE 1
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COMPANY: PHILLIPS NORWAY WELL; N2/7-27S LOCATION; NORWEGIAN NORTH SEA

SUKHAE.Y OF CHEMICAL ANALYSIS DATA

TABLE : 3
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.APPENDIX

Abbreviations used in analytical d&t& sheets
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a/a

AOT
Al

Ass.

«mg
ASK
a r er:

BAS
bd
B f XT)

b i d
M k

b r u

csic
CAL?
cavb
CCI.
GEK
CHT

ci.yat
CMT
Ccæp
c r s
csr.

aud additive
slgae
amorphous
sng'jiat
anhydrite
arenar-ecus

basalt

b.leached

brown
•valcsreoiis
ea.Ic.ite
c&ibcisscecus
en igloaieT^t.?

~ chalk
caert
claysto-e
cssæenv

coæposire
coaxse
cassing poinc/shoe

C(vd>

dk
SLI
DOL/dol
c s k
£>•

excr
f

cinocyscs
tfatk
do le ri te
dolomite/
dusky
i'xini fe

extracted
fins

HAL

hor
H(RV)
i -
i /b
ION
•ir.K
irigrt.

I(RV;
LST
it
ir.ass

to
i'oss
ir ~
fiac
irsgs
Fu
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^Atiyccrjits/ sl
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o l

ooi
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pai
Fh
ptik.
por
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Pr
prad
Prr
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Re
R(ev)
ris d
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SCT

sft
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SKS
SLA
SLK. ST)
si ty
SKD
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stss
sue

SWC
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YOC

tr
trr.&
v
vgt
Vit
vn
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gy / gn

gy

t>uC &•. <X&
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T> rex
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ô  re-
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v C i i r .< IC

j^-eccivity

o ira v?, s
"io.l\'i^d bt.u

p- «r i
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APPENDIX 2

Analytical procedures and techniques:
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ANALYTICAL PROCEDURES AN3 TECHKIQ"ES

appendix suosissrises the swlii scaps ia the asd lyses c a r r i e s out in the Fobettsen Research lnterr»atiij!ia_ Led.

oleum geochemistry l a b o r a t o r i e s . A n a l y t i c s ! pathways <ire shown on ths t :lov char t (Appendix Figure * .1 •••r.d ci<sr..ii i

r^ t^ry p;.'jcatiuraa &nd techniques a££ glv~£& in tbe t e x t , Thtse aay in c e r t a i n circ-aiatancss ba .iciap£.*-:d to su i t

i.'.ular ^'i-æpies or coriCit ious. Ir.tL*rprei'&t.if-<n ^u ide i i ^e s .are a lso d*fine-j.

C'5 ne ra I

Samples are r.-ceived into the iaborscoiries in che ifcpSS oi weii-sis* canned dicch cuttings, bagged <iiir.>) cuttings i»

various stages of preparation fros wa£, unvsshset so uried, washed; sidewaii corss, caaveatioaai core-5, outcrop 5«pUs,

crude aii sasples and gas aasoieSt £^ah saiapie is assigned d auaibar «hieft is entered incc a tcaptster syst-asi to ssotvifar

saisple 3e3.ec'>.<ati sr,d progress, PrepaiacJon techsixjuas af.s directed towards obtaining clean s&æales, £rc»a of drilling

uiud and mud sadicivas, obvious caving coneajaination and indetrsrtsinats fine material, '«ashing with cold water is

standard but £'irthssr «aiihiEg wit» solvent (diciJloroæethcms, DCS) is isrsied out it oil-based siuti is present, after whith

saap:«s *?& dried, described tend irjdiviuuai iithclogies hand-picked where practicable. Saoples avs ra«gh crushed £o

ap r̂ojcifliaf.fiiy pea-si^ed fr<agaiÆut.s for ksrogen preparation or tlnsiy ai.iled for ch<?.$aic£l ari&lysis?.

Karagea P i

concentrates for aiercseopie exaæiastion and eleatestai analysis aro prepared usirig stajrfssd

procedwrss but oæitfir.g osidst.io^ osr scfitylysii». At Id ."cacatatioc ir.vylvss the use vf hot hydrochloric acid (ffCi) to

tsicove carbonatas and hot 60S hydrofluoric acid fsiF) to rsiaovs or break, dowi si l icates. Hinerai residues «re

iroa the kerogeu by 3 coobinacioa of ultrasonic vibracioa and zinc bsroadda xlotaciou. Kercgea saapies iosr spora colour

arid kerogsc; typing ara aiouaved o;; gisss »ii.des in glycerin je i iy , those for vi t r ini te sei'ieGtii'ity are dried and mounted

i;i epojtjr resiis, Sterogeii rssiduess are scoyad in æeth

The techniques «æployad for i«f.erjjreting Maturity and theraal hiscoty in these iaborstofies are baasd aainiy cu spore

coloutation and vitrinir.e reflectivity Measurement, supfilsffiented by data obtai.ned frois 3.i.r&p&ce gas and gascli.ie

anijlysiss pj"roljr5ls 'teax, asd nydrocartor. aas3lysis including gas >zHroffiatogrsphy and gas chrciaafography~sass

ccioar is assessed using a >20(i siived k«rog«.n fraction viewed i.rs craaaaltted light an a standard

ai æicirosaope, Cousuai buss sta checked u»iag iKcisSeoK biue/UV iight fluoresceiice, Heasij.reaenc is nade by

aya against veferencs sets ai singla grsia spoce aoiicts aad trained opevscors achiave a high degrea oi accuracy uSd

. The i to 10 Spare Colour Index (SCX) seals was designed for lir.ssrity with Jncrsasing dapch aud

correlates apiproxioasteiy with tha foiiowiag «o»es of oil gasjeration; i.Q to 3.S, iBasature; 3.5 to 5.0,

early maturs» ganeracloa cf iow gravity oils (2S ta 35 "API); 5,0 to 7.0.. iElddle aatura, geasratioa of mediuis gravity

oils (35 co 42°AFi)s i',0 to «,S, late mature, geriaratioa of light oils (>42"API; acd. cscdaasatas; 8,5 co iO, post

rn.-5tu.ra, geaeratioR o£ oondensa"*, »«t g;sss and, 'j.U'lHafeiy, dry gas. Linearity of scale is oi great value in pradictiori,

by «xtrapoiacioEj, of tbe depth to ar.y part oi' £Se oil generation sequence. The value of SCI measuressnt lies in the

objjeti'-s selactios of æeaasjrad grains, »o æinifflisiag probieaa of caving sad reworking, and in i t s acre direct

coj-ralacion against oU gjsnsfatioa than v i t r i s i t s reflectivity seas-ataaaat. tiatttations in. i t s uas coacern the

difficulty of. KotTel&tion against other colour scsX^e aasi the insensitivity o.f the scale In the late. lc post mature

region, Anoasious colours iB3j' resuic £«æ bleaching or staining curing «Sepcssitioa and «iageafi«is< Th« corxalation of

SCI against Iheroai Altasstlas Index (TAT) givea on the SCt versus cepeh ?lot ia the reports was tcade by direct

comparison of Scapliu'a stand&sd slides with SOT. standard slides.

Vhn aaAjoricy of prfiparations esaæined lindsr: re* lect«4 light ia tbsse laboratories ara aade us log ?2Q>< sieved .kerogan,.

mounted in resia bisck» and polishetS with e&risotuadu» *nd aluaioa although total ketogen aay be used when sample size is
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limited. Picked coais, OEgauit-rich shales or lia*stones containing solid bituaiaa ==re aomix.&d -Jiteotly in resist biicki

and p.jlished in rhs 'jsual way, ««asurt-rae.it: is sud« in 5 ksitz Orthcfilan iuiccosoop-e fitted vitn an i-ipy Cssupaci

jiiioLrjfaetftr uhitrh feeds vsiues direct Co a desk cop computer iar data processing froa each sample- The system is

calibrated agsisst glass standards anc refieccanca values are expressed .=.s ariiftisetic means of æeasuremenls i~.rtk.in in oil

imer&ior. (R or K . - , ; , R arid K . ssv be measured ard Quoted in certai» circ«asta«u«!a but the diffecsrice Is
o 'i\ o 1 j-, &&yf si;>.

insigniiicsat Sjeiow abcjc a 1,0", Sose op er. a co r selection of particles during æeasureæe.ic is essential atwj obvious

ts ct .".os-vicrisivic mat a via i .-ire noted but net cscessariiji quoted, The value quo tad cs dita tables is ihat

vtiich is iticerpveted as ansst appropriate, but otfler possibi l i t ies may also bs given- Plotted figures assuae 3

logsri f.haiic. increase of re£ iactacce with dapsh. R̂  0,5% is a «j.dt:y accepts threshold value for the onset o; oil

gan«ration, alchough -IS the kinetics a£ oil generation saay not be ic&ncic^I to those of vierinivs iafleccivity

devsiopraaar this ause be seen only da a general guide. T ê ficor ior oil ganeracioK is characterised by a r«tlaccanca

value J£ about :,3S. Wfcc gas generation peaks at a value o£ about: If, a~d ceases ir. trh? i t levei. Dty gas genaraci.ofs

paaks .« d reflsctance of a&out 1.5? and ceases at. the 3X to *% level. Correlation of srsflectajsce values «ith othar

say not \m uaiverssl bacauas of Ciaie-1'eæssrsir.^.re facrof» and is hssc na^e en a local basis.

Raiiect.fvl.f.y measureiaeat is a widely used and versatile tool which jjsay ba readily tallbratad against easily nbtainod

scantiards. !f. i s applicasie over a wide raaga af maturity stages from Xiasutture to post mature (0.2* to 5% R_), Sigh

surface intercepts on piloted figures aad discordances ac faults and uncor.ionaieies can give real is t ic estiE&Kss of che.

aaouat ox saccion æissiog. It is ox lisslrad value ir, Sariy Palaevizoic sections where land plane '.cacerial !s absent,

alchough a general guide to maturity aay b& obtained fsoas cnltinOus organic raattsr, Svss a skilled operator T.ay -ave

difficulty j.r. distinguisUiag indigenous vicriaice item soaa foræa cf iner t ini ta , anoaalousjy reflecting

"pseudovitriaite", cavings and reworked i'rsgsseats.

Mat cuttings are collected ax the wall s i te aad sealed ia partly- full cans containing bacrericide. Tr, the laSojrator'/i

the airspace (hsadspace) gas is sxtracted using s can piercer, firtad wieh a septum and analysed by gas chrooatography.

Ths proportions of aethaise, •ichaae, ptopan*, i»«.- sad n-*Siitane are calculated frcia integrated !>ask <jr«ss by coæparisotv

with a sc&ndard raixf.urs of these gases, Methane is f.h>~ dominant gas ia issaature arid oo&c aature sadixents, cvaptisista,

90~100% af total gas, falling so JO-70S is isature sadiaeats. The 0T!3at of asACuficy far oil generation (SCI 3,5} is

characteristically 3i3rke4 by aa iacEa^se in aef gas (C^-C,) to between 5 0 and 20% wAtlv further incraases in aaturity

j.ndicatai by s decrease in cha ratio of. j_sa- to rs-*butane, i'at.ios of. ;=i«0 are typicsl for ioasacuEa sediaeata and -'0.3

are usual ia aac-jra asdiaents. Departures fros tojnposition varsus depth travicJs &ay b* useful ir. isdicacing migrant gas

ac faults, uneoaforæities or reservoir rocks b»C li t t i t the aaciuxi as a reliable isaturity indicator, Aitspace gas

analysis is aa inexpensive *^d rapidly executed aachod of scraaniag »3H>K1«S £or further maturity and hydrocarbon content

da texiai as tioas*

G a so i iaa Aiialysis and Cuttings Sas Aa

Cuttings saiaplaa received vet, preferably ia sealed containers, ar.e suitable for gaso.litie af>d cuttings gas analysis- A

portion oi the washed aucclags sample is retained wet, pulverised in a sealed shaker and varaed to axpei the C, to C7

hydrocarboa eoapo«aata into the shaker airspace,. A saaspis of this airspace g«s is than resoved aasi analysed by gas

ebroasatography aitfaer far ewetiaga gas (C, to C,} or gasolines (C, co C,). Up £0 28 hydrocarbon coæponer.ts ars

identified in the 0, to C, raaga aad chair reiscive proportions calculated from integrated peak araas with reference Co

standard fixtures. laaature source rocks yield low total abs.mdanc.es .sad limited rmsher» ot coi8poa«ot9 vharijss icatura

source rocsts usually coataia a full complement of identified hydvocsrbotis with the onset of maturity indicated by &

rapid viss in total gasoline abundances wich dftpth, Aaotaasloiis amounta of gasoiiaea asay ssark the prfc«sance of oil train.

Gasolinea may be used in oi l to i)il or oi l to source rock satreistiofis bue th» eoticéRtrst.ioa of some of the measured

cotapenants i s noc oaiy a t«KGf.icn of source but also depends oa security, sigratiisn ami aiterati'an in chs ressrvoisr.

Using the scat istable co«po«(njBi pairs with similar classical struccusra aad boiiiag points sra reduced to pair ratios acA

coaij>arad with tha sajoe pair ratios i s OEfesr oi ls or possible sou ratt rocks. Gasoline analysis ia a valuable tool in chat

i t measures •iisracciy the hydrocarbons being genaratad f so» a sediaest but i t s sensitivity in. detecting traces of o i l

places cotsstraints ott i t s use as a maturity indicator,
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foc.k-i.vaji Py^fllvf.ift.. Ca* CbTOrr.ar.ograpby (PC) and Cets Chroiflat^rajhv-feis Sgiictrcsffierry (;;c-MS) its >5at'.tritv A&sivais

The.se three .^liaiyiricai process^ ae«sur£ pa^ssetsrs '.vh.icu are ;.-,jrietiQ;<& o.i both maturity and k>ivo££fj tvps, L;ai.a fi-'jra

th=T. say give a ger.c-rai gulcUt ca aacuficy buv if rhs keiog,;:! types ire Strewn, w s ipssiric: coniiusioiis mav be dr^wn,

rraK Rcck-Kvai data, the taaiperature cf isaxijæuaj rate of pyroiyais, Isas, is ch.a iiost useful datura; gas ohromdf.ogr.ims uf

aijcanes, sepsratstj frasa a our ca rock extrncr.s or oil.s, yield carbon preference ir.cictss (CPI) and isopraiiuid rat ios; GC-KS

>5uantii'3tiv'e iro,gEfif..fog.-;iir.s provide abundance ratios for specific tcap^uttds x+.tch arc. particularly useful ir>. assisting

L;ie Isvei •:?£ niicuricy i t which, suarcti rock hydwc-drbyns or o.lls have been geuerar^.d;. Ali tuesu- i^ppltsa^tsvy dacci øsv

ba used ro cor,£iræ rs-sults frcrø visual «oxlyiis or si:pp3.snf them if poor 5r yaavaiiabla,

3» •Sow£ce..Rpck Svaluacioa

toral Orgaaie Carbon Cooteat (X'JC\

Organic lavbo.i values are cbvaiTisti by freacing O.ig oJ" crushed rock saspla with Jiot» coussncraCed KC1 r.o vensovg

carfcwwus- The «ashed rsaidue is fi l tered os to a giasa fibre pad and igr.ii;>i4 in a Lace carbon analyser, for

screening purposes, saapies are anaiyssd sisgly but vhsaro t'urcha£ analyses, suah as p«rolysis or solvent extract.Ion are

inr.icipatsd) « duplicate Salspis i3 rum. Bliuics ar.d stacdards are tuo as routine &?.d «here values ire® duplicated

samples do sot ac-ucur withta alricii accuracy l i a i f s , tr,ey are rerun. Where aamplas ara heavily stained wit}-, o i l . either

troa nacural daposics or or i l i ing isud, TOO -is rspeaeed OK the dried, solvent, extracted sample,

TOG aeasureasent i i fuidasiastai in assessing sculce rock quality since when ccabicsci with kerogen rype at;d aaruti ty, .i

i t i l i dvsc3riptiC"ii o£ cha fjcte^ciai co geiietaC£ t>il aay ha givfiti. It is found in prssfcice thar, sedi12ei2.es coucairiir.g i'2ss

than 0,"}% IOC ore ualikely to hav« any source pcif.satla.l» those contaiaing betvser. 0.3S and iS is&y be aargir.^i sources

but the better qualicy source» contain in excess of 1% IOC. Scraasir.g by TOC is csereiora an inexpensive and lapid

raethod of selection of a«JEpi*;s tor t'-jrrfres analysis ia souses poteatiai evaluation.

"docfc-Eyal J'yroljs.-?.

Fyrolysla ds.r.a are. a»taised using t.ha If"F~S'ina S.ock-Evai apparatus. 100 ag o£ crushed^ «hols rack .x-ishar froa bulk

«staple or pished lir-hoicgy is weighed accurately into a crucible and introduc^it Into a iufxmca at i50^C, Free

hysil'ocarfcoai (caughiy equiviiafir i:o solvent extrsc&^bls hydrocarbons) ;>.re volatilised and q<ssrxc.i£ied by f. i«<= n i'--'

decactor <FIi>) cu give P^ak I (S, , f>pa). Iha fisrr-.ace tafflpeiratujr» is incr«a»ed to J50"C at iS'C/sRinuce auc «j.1- _r -M^

range, ssrogaus crack to give hydrocarbons, asasured by FIB ce> give ?edk Z (So, ppia) i;iii cation dioxide, acs uved fc,

thsrtaal ooaductivity •seteet.ctr (TCD) to give ?eak i {Ŝ > pjss), The cesparature at cha aaxtouai iace o£ svoljv.oc of

crackssfi voiati ies (Tsaasi is measured autotnacically bot cas also be sonitofed visually. Th® ir.»tr«TO«ac is c<slivrated

dally using standards both at the bagiuning of the work period asd ar regular intervals tneresftsr and crucible blanks

srs run as routine. The tsh-j.i.3t&d csaea 1R sraposfs coaprise tfee £oilcwitig parsin«t:ers;

TisaK'̂ C ~ temperatur» si• •stoximxa rate, of ?eak ?. hydrocarboa svolutlpn.

Hydrogsa Indax (HI) - ,5,,/IOfi (ag/g) or rat io oi: released hyds&cssfeoa to orgaoic carboa contanit, This is a aieasure of

ths hydrocaKboa gBKeriiCing poteatial raaialning i s sha kerogea ;is opposed co that ot the whols

tick,

Ox.ygan Index (0I> - S.,/TQC (sg/g) or ratio of released carbon dioxide to otgaaic carbon content.

Prsduetioa Index {Pl}- S./S -fS,, or ratio «f tfjs ansuurst: a£ f-.ydrocarbcas released iss ths firsc staga ijf heaciag cc ths

tota l sstowcit <ii hydrocsrboos released and cracicgd during pyio.iysis,

POiteiatisJ. Vield (PY) ~ ,S. (pp&) ox eosal csf hydracarbons. released during; erafiking- of kasogefl aowpajed to original

weight of ;rt!ck.

TssaSt, liydroges index ar.d oxygen icdex sre aach functions oS both iEatttrity sad Icerogea1 type» I'siRg p.ufcli$hed aa*

empirical datas i t has bean possible to assemble a Bodei co show the salatloasnips of cfeeais facKCEs co æacurity as

meASured by spora toloutstioti sad vi t f io i te reiisotiviKy for 3. aelecKleti as: pure ksrqgen types, TS)é karages types used

are algal saprapei (tyos 1} , Baxy sajjropel (type I t ) , v t t r i j i i te (type it'lA) -°-J3«l ipextinite ("yps IIIB) and s cosspwtes

ptograsa has been devised by which th® amounts of tfesa cosspdaeats R&y be calculated ttoit the. HI, QX, 'Tt&stX atxd jaaturtty
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data lot any sarapla, Thsse •axe fchs values expressed .in: f.he "kerogan composition by calculation" ioUæns tasul.&tad in.

the reports.

The hyd'rogssn index is a aieasure of cha t\ydrccar.bjr. generating potential of ttte karcgec aad is analogous ta cha scenic

Ji/C ratio. loffiature, org«iicaILy rich source rocks ac4 oil shales «t^s values above 500, aacvrs oil sources rot its gi;e

valiies Setvtiiia 200 ani 350. ?>:r a givaa kerogan type, these values progressively diæisish wirii increasing æatutity.

The diæpar<it«r« oi jaajttssius -«re of pyroiysis dc-pea<is partly (jo ths ksisgen typa bur, the transit, ion tros isnæacijre to

æatura organic asattar is sarka'i by teBp^rafjres bacweea iiS* and 435SC. The lasvuiicy transition £rwn oii and wee gav

gtfnerof..'.ori to dry gss ga^erajion is aarkai by {.siupentiZvLtes b«t«»v.er. -t55° and *60°C. In praccics, gKeatsr variation shar;

these idea* csmpe-acuse rantces may bs seen, buf they Aze nevertheless yset'ui as »«r;airal guioas co uhe Javel of aioituriry

aicair.fid by cha sediæeatx

Tha production index iacra^ses with oacuricy ix'oæ values aear zero for IKKIÆCU Ŝ organic amtfar to :i3.xj.tai>iK values ai 0, i3

curir-g cha late stagss oi oil generation, Arjossalousiy high values iTidic.Me f.ht» pfsjser.ee c£ oil or contaminants • l"r'e

X>«Canf.isi yiald is =i£i indication of tha pradicKs-d yield of hydrocarbons from the scurfs rack as optiaura aacui-lty and is

a sisasutrg of. tse fjuai.ify oi thg source rocii. for i23aatvira sediaents, values t>£ 0 to 2000 ppai of hydroearfcow

characteriaa a poor souses rocic, 2000 to 6000 ppra fair, 6G0C So 20 Q00 ppia good <sr.d above 20 000 ppis very good,

Pyfolysis techciques have in recent years provided a major advance in the «Bsassaien!: of scjurcs rock quaiicy and

generating potential. Hydrocarbon yields frost iææacure so'irea beds «xaoiaed ca-ssructurs æay ba tranaiatad into actual

ai l productivity i"«H8 the same bsd-3 in aiatura basiuiii, off~atruc£ure situations. Models rajatiøg æ.̂ .turit.y ar.a ketagen

type Esy Se «sed to detine original sourcs !-o&k quality grades which ara ax gieaf vsiua in aappir.g organic facias.

Aæorshous karogan types, iii<iiaciasss.ishaj)la in æicroscopic praoaratioKS over a aide ranges oi ihsaiical prsjpertiea.. lay b«

readily differsusiacsd hy pyroiysis. The prcbiem of analysing bulk sassplea coatainiag aijCed karogens has been largely

•jverc-diaa by the kerogea type/aaturity sodsl and anomalous xssults arising fro» rbe presanca a£ caving conraioindtinc and

drilling siud addicives car. usually is explained by ic.spaetion. High oxygen indices soægfirass occur as s. result of tha

aa a'o.d i;j sv.ch c.ŷ fta the saoipl^ Is ac.'irf deca"̂ <.inaf.*?d anc rs*rur.>

of Kegogen C'ogcentratas

Ail palysoiogltal pxapafscions on vtsich SCI diStsratoatlovis ars ssde a:s alas exaasi.ued :fox kerogea f.ype. Visual

estimations of the ralaciva abirodaKce :of the bri'SG groups v i t r ia i te t ir»ertisita and sapropel are ;saae: on the total

kerogsn slide æbuaf bm: raferance is also æasJe to cha >20.u siavetJ rrsctlojs to assist ia idariCiit'ieatioa. The schema of

idetitifieafioa is sho«T! ia Appendix Table i . Fall use la saa&e of iacidsnt blue or IT light iu distinguishing

or early oaturé bii-prone terogaa tKOBJ sas-pscc* ksrojaa.

The soluble organic materials presets!: ia r^cks can be exsraeeed with ergaaie solvsscs, Jractionatad aud aaalysad» The

typ« aad sitcuct: of æaceri^l extracted dapeads largely upaa tha nature of tha coatai'iad kesfogen a«-« it» maturity,

aithoiigii the presents oi iaigraxit oil. or drill ing concajoinatioji æay ba cha daferai.iivmg factors.

A æ3.xisii5R of "Qg ??f cr«sha4 sassjjie is sstracted for a iEinisujs ot 12 hours is -a Soxhlet apparatus usisg laboratory

redistilled• DCM., the solvent and .thss wore •volacile coæsocants {iippra*iiaatsly up to a-C,»3 ars lost by evaporation in

air flow sad the resulciag1 KoSal extract, is weighed, dissolved in hsKsae «tid s«?fjara!;ea into, alkans (sattsrate)

oii, aroæati? •hydro.car.boa, reseae acd aasjhaiteae (polar) £ r act loss by si l ica adsosrptioa chtoascography ia the

Larger fractions, suicabla fox imiher .analysis., «re obta.iasd fey coluan thsosiatography. tk» axfraes: is wa through a

Sshorc glas* cclu'UMt pacssii with si l ica and aiunisa arid alatad "*ith "aexasie {to give the saturate f raccion),

(3;'l hexirie: trolu<«ae æixt.usre (t«s give cha aroaatls itACtion) &i\i sasthsiaol (to give cha polar, or resasie and aspbaltane,

fract'loo). A sæsll grcportiaa of aoR-aiutad poiai; eosupouada «sually xsaiain» oa cisa eoUwin.
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Oil. Aaa.lysis

pe .. e v

p i

a ^ « % ^ t ^b » c r - i i a

t.̂  rs

o i l gas chroaaCc'graj)Hy - «sing s p l i t •syri.ngs injection and a

at 4°C/is.txmts,

•grograaaaa iroæ ~20"C or -30°G up to J?0°

- if o.i..J. has high gas/oil ra t io .

Gasoline: analysis

Topping of the oil

- as for gasoiinsss iu rock samples but. a «eigfied quantity of v i l is us&i,

~ this is equivalent to tha resoval at. the fi-asc.ion belting1 belo» about JIO'C sr.d gives

aiors £-taxidjirdis^d produce tor couipsrisoc oi gaa cbrosjatograiE^ of t;.he Ĉ ... frscvicn,

ii ctiromstography ar.d

gas r.byai3&r.ogrsj>hy

a for solvent extracts. Analysis is «axrtad -3U(: an topped oil

The hydrocarbon gasas, C ta C ĵ say he collected from th« airspace oS sealed canned aamales oi aisy !>« received fro

well-site tests in a special saaiec gas cylinder (gas æouse;. Chro«atogr?.pbio. ssparatioK of the C, to 0, gasc-s is

et'fectad as descri&ad undar airspace ^as analysis. In addificn, t.he se3>atatad gas (compotieass assy "Se arsalysssd for s

carbon acd hydrcsgaa isotope composition »hich may provide valuable cluss to tha origia of the gas.

6, Solid Analygis

la &Q a ail field», prsblssss are encountered wnere bituaien iiev>ilopai^sts fcras cenciaueus yv ptjtchy layers vitbin

reservoirs, dividing rhe pay jonaa and acting as barriers zo a&tvxal fliiid isoveseut or ii\hibiti.ng e.ihano.ad j i l recovery

techaiquea. lucegrstad geoiheæical aud sadii»e«cologU-ai sS-udies aia to produes ger-issgical æcdeis capable of prediccing

cha ocsurr«nce oi bituasea .layaris and their likely thickness and ability to act as peraeability barriers. Of furchss

concern are the past: or praassst raistionships bstvean cha bitttsien asd rc-sarffcired o i l , their sou-ca rocks aad cha tiiiing

of bituæea f

Asslysis sebesies iavciva screefiing of sasaplss by assessing the ajaoynt ai bicuæea in polished core pieces using vet'leccad

Light microscopy, lollowed by advent extraction oi conKrol samples to estii&atss cha propcsreion of sohreau soluble

bit.iifflan. lUifssrssxt obsseis of bituaisi» t'orssatlsa are difJera&tlated by raflectajaca steasureaant ss described for vir.rinits

raflectanca measurement, Soltslde excraccs are {£acti(5Hs.t.ed to give aliuuis, aroaatics, aspha.sfens ar-.d ressne cocaponeats,

Separscsd bitutaaas aiay be subjected to alessentai analysis.



The dica tabulae sd in. reports coroprls« Ehss following parameters;

Total extract •• "solubt.e••organic snat.tsr, heavier than about jv-C,,. , sypresses as ppis of weight of teefc,

Hydrocarbons - sua .of aikane arid aroisatic hydtrocsfbons, expressed as pps of weight of rock.

Extract X of srgasic •• tocal_extr<ac.c £pa; the extractability,

eaiboa (5?0C) X 0 C * "l0°

Hydrocarbons aig/g of

organic carbcK - total hydrocaibcas fionEalised to lg of organic carbon.

% extract ~ total hydrocarbons as a proportion of total ««race.

X hydrocarbons - she proportion of slkaaes (saturates) in the total hj<5irocsrbims, The1 proportion of arqaiatics

is (10!) air.as this value) expressed as s. percentage.

The exeraccsbiiity of oii~arone sapTopclic orgisstc osactesr increases Eapiåiy in eh« oil generatioa ZSTAS and aiadnishes ta

very low valuss In post mature sedlaianta. 0^e™ali che extractabiiitv o£ sapropellc organic maJrf.sr is greater than that

of gas-prone huaic organic matter for similar levels of naeuiicy. Samples with extraetiibilitlea of greater than 20%

g*fsrall.y contain rajlgrsnt oil or are coccasj.iaated with au«S additives.

As KiaturatioB proceeds in cha oil gmeiacior. zona She proporti&a of hydrocarbons ia ths fatal extract Increases frosi

less than 20S co a ffiaxiæiMK in the raost productive horizons o£ aroijtad 60?. This trend is reversed as rhs ail-condensate

ZORB is entered. T«e relative propojreic-na cf. alkases ?o aroæaties cao ba «sad -as a cheeSt £oz low ievais of

. "Fraaticna of She extract, saparated by caiijjaa cferoisatograpsy ara rscainec for iurchec analysis by gas

y sr £or stable carboc isotopa

Capillary Gas Chrotaa^ograg'Ry ot C, ̂ ^ Alkaaes

A porsioa at" the Soxhlat extri3Ct is aiutad «fith feaxace throug'S a short silica coiuss to yield chs sacurate hydrocarbon

fraction. This frscti'jc is evaporated in a screaas oJ åxy nitrogen ae raisss teaspetature, A s&sii portion o£ v he iractins

la then takati up la hexanss and introduced into a 25 metre, wai.i-coated, open tubular glass capillary column coated with

ov—i, o? aquivalsat, ao«*xt«d in a Carlo Erta gas chra&aKgrajh which is tsrapera^virs pro^¥snata4 ftrosj 70°C ro J?o°c ar

J'C/tair.uts.

C,,. cfiroaaCsgrauis are inspected f err t^B distributious of n~slkaaess sod the pfesence ar.d abundaac* <?£ isoprenoids

(particularly prisrane and jsBytaae), stsrsaea and sriEarpanes and aaresoived envelop*» of tiaphtfeetsia compt.tjads. The

ratios jsrist-maipfrytane aad pristaae:a"C, 7 are calculated. Carboa Fraferaace ladex (CPI) values quoted are tliose ss

dsiiasd by Fhllippi as the ratio 2C^Q to (C,fl+C,,) unless otherwise scat.sd. Chrousatogsaffhy •may reveal iuiormatioK about

the ksrogea type si: the ac-usree rock, i t s swsturity axvi condition o£ riepoaitiosj aad, i£ ad.grant oi l is present» whether

this has bees, water-fiushsd or biodsgra'ied> Cootaaiosut drilling amd additives oay be identified»

C&jjiiiarv Gas Chic^aato^raphi' aT Argwatie «ad Sranched/Cgaljtc ?B

The sroæseie portion, of the Soxhlat extrscc is slatad t'ros a short siliea/alusina coluan by a hesacs/toiueufi

The dried fraction is taken up ia DCS and it5trc<ducs4 into a 25 ««its.. saXX-coai;ed> opea tubaisr giass capiiisry coiunsi

ccated vith 0V~l, or equivalent, isoiiaced in 4 Caclo Erfca gas fitaoo3iitogr»ph which is tasspasratuse prosraaaiad t'soa 70"C to

270aC ac 3*C/

Branched chain alkansa are. isenarated from sorisal alkaaea by «rea adducsian arid treated as for total slk&nes.
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y-K3ss 3

rta&s xpsctrosc-try is a cechni^us i« which ciulecuies are horatard&i with high energy sisccrons ..--lusing iiiusation sn6

Xvsgssrir^ci.in o± cha saoletuiss iuca ioas oi varying aass(a) and charge's). Ihs ~-d> it; whicft a rn.i.Iecuie /ragæanis u;ts

ions of various m/i vai;:e is Kacva as i t s fragmer.esctoa pattern, or sass spe^cruo acd is, .itiiquss, When iiroted to a S3s

chroiaatograph the KUSSS speetrcæater ca si be used ia two different r.edas:

t. Fuji Seas Mode: A SIJSS spssc.truai is obtained o£ each pea .̂ eiutir.g £roæ the gas chroaasogtaph and a structural

idøccifitafian at che iompouiid producing that pea" can be saade.

i . Multj.p-1« or Single I*u !toaitoj.'ir>g Hocie; the aass spectrometer is Kneed la certain s/;s values to 'i<?.tsct whstbej: a

cospound, fluting frora tHa gas chroasatograpi», fragæsnts t;o Jive an ion sir. tha^ val^e. Cer^Æic fragmeataciuns are

indicative of .-specific coapoucd typas irid f.he sosr eotrsæcsiy laor.irared fragment ic?«» used in petroieua jeochaiaistry

ars those vich m/x viiaes oi; 13i, 217 and 259 which are th« priacip.il tiagaeni-, .ions obcained £toas gioups a£ alkar:>53

known AS tcicerpaaes, ragjlaf srerar^s ana fsarrangea seeranKS raspectiveiy. Tha&e sire cwapoynds containiag 27 to

35 carbon atoss arranged in a polycyclic. isoræaiiy 4 or 3 .ring, struccura, oeaurring in th» «>•-£.•.. to n-C.,.. regioa

of » gas chrosatograKi. Th« basic jsoiecuiaj: skelesons c£ tnese C03spciu«ds sre very siiaiiar co r.hoss of r.h« origi-iai

organic aaccar depoaiv.ed in the sadiatenf sad sa these 191 > 21'/ and 259 distribution plots, knows as mass

aaa ou aass eftragtacograms, fors a fattern ihsracctsrisfic of the souses aaf.arial. This rechcique of

cisiting" is aisu one of efee taoi'e sxdet aethods of t:cirr«;atiag an oil la i t s sourcs, or Co another oi l .

Car bor. Isotope (" C! C) Patjg Aaaiysla

Carbon h«s two srabis Isotopes, f.he æore abundant '"0 isotope and f.he heavier '"C isocopa, rfhich ir, nature ioræs. «.bout

1% of carbon. Deviations front the * C/ ''C rat ic ara extcsaeiy sæaii and casboc isosope rat ios, as aeasuxsc by isass

j.fjec.f.roraetry, ara expressed as deviacioas f roa z standard, the Pas Oaa SeJ.eio/iita carbonate (?X!B stsudard) ir. parts per

thousand (parts par mil; ' / oo) , Positive deviations indicate "C aarichmstir and conversely, tysgacive d^viarlcas

C .icipovs-tisteenE.

vftiile the carbon isotope ratios of oils and rock extracts cas racge frøis -20 to -32 ~/oo dspeiiding on the aourna organi

•natter tyji«, ths differerce 'iefwesii a specific o.i.1 and i t s source is sraai.!. Saasuraweata are usjally wads on the C,,%J_

aiksua a;*d a.f.-jsatic hydroca-bor. fractHms it^-pariitely snd thésra should ba no swre thaa 1 v/oy diffirst.ee bsjwean the oil

axid i t s source for aithai fraceior.» l i there is any doubt f.hat the source rock extract» are asjfc in'iigaoous to the

ic'jrce rock karogea, the carbon iscscopa ratio of tha .extracted source rock ! eingen can be msasuf&d.

'Ihs hydrociarfeon pyrciysate derived frass tttensal» aafcydrotia crackitsg of kercgea is aaaiysad by capillary gas

A raw n;g o£ rock, kerogea or asptiaiteae is heated to fi0O°C iox ZC- aaconds in the injector of a gas

The ahrOToatrograpft ovsn ia kept fit. -30°C rfuriag pyrolyais aad Chan rais«a cc JOCI°C ac a programmed rar.e

ot ?.5"C/-j;i.fjLir.e, Chrcsuatograiss p£c>du.ced this vay are often very diffsrar.e frotc those of source ruck at t racts or oi ls in

that branched at±d cyclic isosjsrs are gan«tatad freely giving tt',:æeroHS< closely spaced paaSts, aio-ag with unsaturacad.

alkane folefla) hydrocarbon». The "dcnsblat" peaks often observed in these «broaatograas conprisa aikeaa-alkene pairs,

the f i r s t aiuting, and usually sæaller peak, being the alkene. IVie chromatograms rangss ftoæ C, to C-« or above ana

although vartablu, are broadly characteristic of source roc)e type. Gas-nrone Iceroges cracks to giv* a sore Li.idr.eri

molecular «aigfut fang® of products, coiscentratsd cowards the light snds, whereas oil-prone 'sarogan gives acss proæineas

alk«ne-ai'".aafe doublets iii the C., to C,. tegion. The iargsse peak, froo both types la usually methane,

g'laaaacal

Total <oasiave<i) kerogsn la prepared as ds^crilied ia Section 5. the dried ss-ateriai ia combusted in oxygar. i s an

slsaencsj. a"slyser and the cx.idss of c&zhsn, hydrogen, nitrogen aad sulphur asa measured. The ynbarat residua is the

ash «ntesir.. Oxygen ts usually calculaced by di£.f«Tenc« but can ba ietfirs8la«d separately if required. Results ais

ousted as parcentags wsights o£ C, H, 0, ti, S and Ash with the stosic ratio H/C aa>i O/C caleiilated *nd p!ott«d on tfea

standard van Xrevslea diagram. The reiacive aaouats of C, S a»d 0 praseat ia orgaaic æatr,er are dependent oa both.

souff:e and ssscurlcy. At SSJUOW» maturity leveia, aosje aeasura o£ SOUECS quality aiay be detensir.ae!. Liaxitationa of tha

method in source rock aasessiaeat iisvoive ch« difficuiKy oS obtaiKitig pure kerogen (in particuiav, £jr«e froas pyrife) and

the lack of a sittipie» diranc dateræiaauion of oxygen contact.
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> Light

General Properties jRRX Report

i

Sapropeiic
(Oil-prana gas-~prans
at high maturity)

Husaie

åigsl Sapropel

Waxy Sapropel

Vi trialte

jlaertiaite

Type

Type I

Type I I

Type IXIÅ

Type IIIB

iNou-FIuoreseeat Fluasescest

Type I/]
at high

(SCI >7*S)
Type II
(degraded
spores)
Soft bitumens

i Typs IIU/B

[Oil xasidues
JMiaeral (undigested:)
j Grease
iMud

Structursd

Nor*-f luorssceat F.luorescsat

Vicriaics (Type IIIA) | Cuciela
brown/black, woody
tissue

Spores
Pollen
Diruxrysts
(Type. II)

Inertlnits (Type IT.IB)
very dark h
woody tissue

Sesini'a
Algae

Solid, bituiaea - brow»/
black (oil residue)
often with arystaX

Mic r a ÉoraiBinii; era s
chitlr*o2oa ate v
(laot usually important)

Spores f cuticle stc<
at high aiattirity
levels

Botryococcus
etc/)

(Type I)

Mud Additives - walnut etc,

* types I, II, III approxiajstely sensu Tissot et al but Type III subdivided into
IIIÅ (vitriaice) and TUB (iaertiaits)

APPENDIX TABLE 1



Åikssse gas ehroiMatogs-åphy å&tst - éefiiiltkm

""•Z. 34

CM 2 (U-Mlke.

XÅ x

2

2.x C,

C,
1

Gitsoiine ratios •'defimtlon

Late mature index - Benzene/methyl cydohexane
Afomaticity index - Toluene/n-heptane
Heptane index - «-Heptane/all C, compounds (%)
/so-heptaae index - Methyi hexases (aon-cydic)/di.methy! cyclopenfanes
Kerogen type index - HepSane index-4//j<?-heplane index
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Index of alkane molecular bio
SC-MS peak assignments



STERANSS

and 5a(H)14»(H)17a(H)
stsranes and 5a(H) 14;3(H) 17/5'(H) C,7,23 a t l d C29

G23 and C regular (normal)
i. sosc e>: a ne s

Peak

S?. 7 .a

S27.C.

Assignment

C,
S23a

82Sc

82Sd.

SSSe

S29a

SZS.c.

S2S8

S23a

C
C
C

c

c
c

2?

23

28

5/3(H}14a(H517«(K)
5a(H)14a(K)17a(H)

5a(H)14ifl(H)17)3<H)

20R
2 OS
2 OR
20S
2 OR

2M-roe thy I^ 50(H)14a(H)17a(H)
24~methyi«5c*<H}i4a(H)17a(H}
24-methyl ~ 5a(H) 14/9(H) 17.3(14}
24-raethyi-5cs(H)14£CH>i?/3(H}
24-methyl-5a(H)14a(HJl7c3!(H}

cholescane
choles cane
isocholestane
isGcholestane
cholestav.e

20R cbolestans
20S
20R

cnoi.es tane
Isochoiestane

20S isoehoiestane
20R cholescane

20R cholesuane
24-ethyl-5a(H)14a(H)l?a£(H) 20S chol.escane
24-ethyl-Sa(H)14/3(H)17j9{H) 20R isocholestane
24-echyl-5es(H)14,g(H)17S(H) 20S isocholestane
24-ethyl-oa(H)14a(H)I7a(H) 20R cholestane

Configurations c

& Sj9(H)14a(H)17a(H) 20R (ijjasature or biological configuration)
b S»(H)14a(H)17a(H) 20R (regular or normal stsrane)
c. 5«(H)14a(H}l?o(H) 20S (regular or no trøa 1 stsraxie)

S(H) 20R (isosterane)
3(H) 20S (tsosterane)

Notes :•

All scsranes listed are likely to be 248, and 24S epimers which cannot be
separated with the chromatography conditions ussd,

The elucion sequeries of normal and isosteranss for each of the C2-,, C,28

(H)

and C,,a
20S,groups Is a« shown in the above listing: 5a?(H>14cx(H)17a(H)

5a(H)14/S<H)17/S(H) 20R, 5«(H)14S(H)17j8<H) 20S, 5«(H}14o(H)l?Of(H) 20R. 'Hie C2?,
J29 5^(H)14a(H}i7o{H) 20R steranes approximately coeluCe with the.

20R isosteranes. The order of
5a(H) 20S > 5e»(H) 20R and

C,s and

f
respective CZ7, «as «n« w?9
therisal stability of the s'tsranes is 5a{H) >

> 14ct(H)17a(K).

C3;5 4-destaethylsteran«s have been identified and are considered to be
biological markers for marine organic material; however» these compounds
cannot be differentiated f rota C,,, 4-methylsteranes without raetastable ion

30monitoring (GC-HS-MS). G,J0 4-desiEethylsteranes occur with 5a(H)14a(H}17a(H)
20R and 20S and 5o(H)14^(H)17^{K) 20R and 20S (isosterane) configurations. C2S

steranes havs also been Identified (Shi Ji-Yang et si., 1982) but are rare.



METHYLSTEMNES

4a(H) and 4#(H) Cz%, C,g and C30 methylsteranes

Peak

ras 2 Sd

Assignment

res as t

5IiS29a

iltSSOd

tilSjOb

HIS3 08

raS3t;«

C i 8 ha (ti)
Czs 4a(H)
Czl 4a(H)
G2° 4<s(H)
C2g 4«<H)

Cta 40 <H)
Cj, 4a(H)
C"9 4a(H)
C2a 4a(H)
G29 4«(H)
C " 4 Q ( K )

::J0 4a(H)
:30 4a(H)
:30 4a(H)
^3 0 4a(H)
;,„ 4a(H)

-methyl-
- methyl -
-methyl-
•mechyl •
•methyl-
-methyI-
- me thy I. •
•methyl-
-methyl-
• me thyI•
• methyI-
•methyl-
-methyl-
-methyl-
-methyl-
-methyl-
-methyl-
• methy1-

5a(H)
bf.HU)
5a (H)
5a(H)
a(H)

5a(H)
5a(H}

1.4a(H)
L4af(H)
14/3 (K)
14£(K)
14o:(H}
14a(H)
Ua(H)

17a(H)
l7a(H}
170(H}
17/J(H)
l7a(R}
17ct{H)
1.7a{H)

5a(H)140(H) 17000
5a(H)14)j(H)17J8(H)
5a(H)14a(H)17a(K)
5a(H)I4a(H)l7a{H)
5a(H)14a(H)l?ot(H)

L4cs{H)17a(K)

5a(H)14a(H)17a(H)
5a ( H ) 14a- ( H ) 17a (H)

20S
20R
2OR
20S
20R
20R
20S
20R
20R
20S
20R
2OS
20S
20R
20R
2QS
2OR
2 OR

cholestane
cholestane
cholestane
choiestane
cholestaxie

use thylcholes tane
me thy1ch o1e s t ans
træ thy 1 c h o 1 e s t ane
laethy Icho le s tane
mefchylcholestane
me thy1cholestane
echylcholestane
e thyIcho1a s t ane
ethylcholestans
ethylcholestane
a thyIcholes tans
ethvlcholes tane

Configurations;

a 4^(H)5a(H)14a(H)17a(H) 20R (immature)
b 4«(H)5.^(H)i4ss(H)17a(H} 2OR (immature)
c. 4a.(H)5»(B)14a(H) 17a(H) 2OR (regular or normal mefchylsterane)
å 4a(H)5a(H)14a(H)17a(H) 2OS (regular or normal msthylsterane)
e 4of(H)5<a((H}145(H)l?/3{H) 20R (isomethylsterane)
f 4a(H)5cs(H}14^(H)i?.g(H) 20S (isoraethylsterane)

Notes:

The full stereochemistry o£ the æethylsteranes, that is, either the
23,24-dimethyl (dinosterane) or the 24-ethyl configuration, cannot be
determined without full scan GC-MS analysis and examination of ssass spectra.
Mass spectra of 23v24-dimethylsteranes (dinosteranes) show a significant ion at
m/e 198 (Goodwin et al., 1988). The elution sequence of the C 3 < C2g and C30

4-niethyl-i4a(H>17a(H) 20R steranes is 4a(H)5^(K), 4a(H)5a(H) and 4^(H)5a(H).
In synthetic, mixtures of 4 -æe thy Is ter anes, the 4${H)5,5(K> Is esser elates between
fche 4cf(H)5jfi(H) and 4«(K)5ot(H} (Goodwin et si,, 1988) but does not appear to
occur naturally.

The order of thermal stability of the naturally occurring 4-methyiseeranes is
4a(H) > 4,S(H) and 4«{H) 5a(H)> 4a(H)5/5(H) (Wolff et si. , 1.986), The elution
sequence of «a(H) -ir;e.thyl-5cE(K) 14«(H) 17a(H) and «a<H> -asefhyl- 5a (U) 14/?(H) L/j)(8.)
sKesranes for each of the C,,. G28 and C^n groups is similar to the desmethyi
steranes and is as shown iri the above listing: 4a(H) -ii-echyl -5a(H)14a(H)17a(H)
20S, 4o<H)-æechyl'5«(H)l^(H)17j&(H) 20R. 6a(H)-tM»thyl'Sat(H)I4^(H)17/8(H) 20S,
4«(H)-ssse.thyl-5cf(H)14«(H)I7or(H) 2CR, The ordar or. therriial stability Is prssu:;-ed
to be comparable to the desntethyl steranes,

Compounds identified as methyls ter anes. but substituted at: a position o;;her
than at C-4 on the A-ring, havs been reported (Fowler and Douglas, 1987:
Summons and Powell, 1987; Suransons st al., 1987), but appear r,o be rare.



SIERA23ES (DIASTSRÅNES).

13v3(K}17a(H) and l3a(H}i7^(H} €„., C.,s and C^ rearranged steranes

Fe ak ås -s i gnméB t

rj7ii C2? 13/3CK)I7cx(H) 20S d i a c h o l e s t a n e
r27.:: C27 13/3{H)17a(H) 20R d i a c h o l e s t a n e
r27b C2? I3a(K)17#(H) 20S diacholestane
:r27a Caj 13tt(H)17;5'(H) 20R diacholestane
rasd C^,8 24-methyl -13 ,5(H) 17a(H) 20S d i a c h o l e s c a n e
rzsc C^3 24-methyl-13/3(K> 17a(H) 20R d i a c h o l e s t a n e
r28b C^8 24-nsethy!-13o!<H)17/S(H) 20S d i a c h o l e s t a n s
rasa C2l 24-methyl-13«(K)17)3(H} 2OR diacholes tane
rasd Czs 24~ethyi-13,fl(H)l?a<M) 20S diacholes tane

C2l 24~ethyl-13/3(H)17a(H) 2OR diacholes tane
G 2 S 24-ethyl-13a(Hjl7(fl(H) 20S diacholestane
C 2 Q 24-ethyi-13c*<H)l7^(H) 20R diacholes tane

Con f ig-urat ions :

a I 3 G { H ) I 7 / S ( B ) 2OR

h 13a(H)17^(H) 20S
2 OR
20 S

All rearranged steranes listed are likely co be 24R and 2AS epissers which, with
the exception of C?g 24~mathyl-13$<H)I7cs(H) diacholestanes, cannot normally be
separated with the chromatography conditions used.

The C2g 24~ethyi-l3<3(H}l?&(H) 20S diacholsstane co-elutes with the C27

H)14j5'(H}175(H) 2OR isocholestane and the C,Q 24-ethyi-13a(H}17^{K) 20R
diacholestane co-elutes with the C?s 24~ffietfcyl-5«(H)14B(H)17/3(H} 20R
isocholestane under normal chromatography conditions. The 13a{H) S.7/?{H)
configuration is less thermally stable than 13^{H)17a(H),

C30 rearranged steranes also occur, wich 13,6(H}17a{H) 20R and 20S and
13a(H)17jS(H)"2OR and 20S configurations.



TRICYCL1C TE&PÅNES

Peak

ets
tz.o
tri

tzt
C23

C2*
t25

t.2«

tzr
€28

C-JG

Assignment

C ^ trLcyclio
C^o tricyclic
C,, tricyciic
C'22 tricyclic
C 2 3 tricyciic
G2ii tricyclic
C 2 5 tricyclic
C?i5 tricyclic
C a 7 tricyclic
C,8 tricyclic
C,3 tricyclic
C,,, tricvclic

terpane
terpane
terpane
terpane
terpane
terpans
terpane
terpanes
terpanes
terpanes
terpanes
terpanes

Notes;

C,gt C,s, C,g and C 3 0 tricyclic terpanes occur as isomeric pairs (at C-22).
C,2 and G2, tricyclic terpanes are generally less abundant, suggesting
branching at these positions. Tcicyclic teqpams oc higher solecuiar weight,
up to C 4 0 and higher, have been identified (Moldowan et &l., 1983), but are
unusual. "Hello et al. (1988) identified C,, , C33- C34 and C3S tcicyclic
erpanes in Brazilian oils.

Seco»17., 2.1 - hopanes

128

tetracy-clic terpane
tetracyclic terpane

The tstraeyclic tsrpanes are hopane related .compounds and have th« structure
seco -17 ,21 - hopaxie,



BSMTACYCLIC TBJTH&PANES

C2? and C,g co C3S i7o{H)2!£(H) and 17/5fK)2Ii3(H) hop arie and
raoretans series

•G27 and G2S to C?5 i7a(H}21^(H) hopane s e r i e s ;

Peak Ås s igrsment

hz:7s C2? 18a(H)-22,29,30-t;risaorneohopar!e (
h 172 ? ar,e (Tm)
n23 C2g 17«{B)2X,S(H}~30-norhopane
has C30 l?c*(H)2I£(H)-30-hopans
h3is C31 17a(H)2X,a(H)-30,31-honiohopsn8 22S

n© 22R
C^ 17a(H)21^(H)-30 ,3I -b ishomohopane 22S
Glz 1.7a(H}21/3(H)-30,31-bisho«iohopane 22R

hsas G^' I7a(H)21 !S(H}-SO j31-trishoniohopanfi Z2S
C^ I7a(H}215CH5-30,3i - t r i shos johopane 22R
C^ 17a(H)21^{H)-30 f31-tet raklshosKGhopane 22S
C^ 17a(H)21,i3(H)-30,31-tet-rakishoi!Bohoparie 22R

kass C35 17a(H)2l"s(H)-30 t 31-pentakIshoæohopane 22S

CJ.J and C2g t o C35 17,6(H)2ia(H) mors tans s e r i e s :

Peak Assignment

2a

rase CQ 17^(K)21<s{H)-30-nsorstan6
) ~haB!omoret.an«
)-bishosnomoretane

C27 1?,5(H) and C2g t o Q35 i7,£(H)21.(3(H> hopane s e r i e s

trisnorhopane
2g norhopane 22R

bso G30 17/?(H)2lis(H) hopane 22R
bn C n 17̂ (H)21/9(H) homohopane 22R

i7^H)21^(H)3031bihh 22R
22R

17^<H)2i/S(H)-30(31-cetrakishomohopans 22R
22R

Notss:

The G2S to C.j penCacyclic r-jrlcerpane (hopase) series of compounds have been
i.den£.ifrUc with 17 a (li) 21 & Hi) (hopane), I? pi.H) 2 la (II) (lEoretaRs) and I7/S(H)21/?(H)
(hopane) configurations. €„, trisncrhopanes have no side-chain at C-21 and
have ei ther the 17a(H) or the 17$ (K) ccfxjffigxuration. the f o rise r being che sore
theraislly stable and che l a t t e r fori« generally present in iKsaature sawsplea
only. The C?, 18a<H) - trisnorneohopane (Ts.) is more thermally stable than C2..
17a(H) • trisnorhopane (Ta). 3-Hiechylhopsnes ara carely presetit and taay be
detected by use of ra/a 205 æass cbrofnatograæs (McEvoy and Giger, 1986).



PENTACYCLIG TRITERFENOXDS

FeaK Assignment

uru C2? 22 , 29 , 30 - t r i sno tneohop-13(18) -ene.
uh?. C.? c r i snorhop-17-ene
uhj C2S no rhop -1.7 (21) • ene
uh* Cz<i 30-ae.onor- i3(18)-ene
uh5 C3C hop -17(21}-ene
uh& C.j0 neahop -13 (18) • ene
uh; Cg\ honsohop-17(21}-ene (22R and 22S)

Notes;

Unsaturaced peRtacyelic compounds usually occur In thermally immature-, samples
only.

CTREE FENTAGYCLIC TRXTERFESGIDS

Peak Assignment

X C,7 17a(H)18a(H)21^(H5-25,2S!30~trisnorhopane
Tnm C*l 17^(H)13a(H)21a(H)~25i,28i30-trIsnorffioretane
S C,j 17a( H ) 18a (H} 21^9 < H) - 2 8 , 3 0 - b i s no rhop ane
Brim C*s 1.7^(H) 18a(H)21«{H) ~2S , 3 0 - b i s n o r t n o r e c a n e
0 CCJ,J gasusaceran®
0 Cj0 ISa(H) o l e a n a n e
J Cj0 18,5(H) a l e a n a n e (''conspound J " )
L CL5 l u p a n e
Y C27 triterpana (structurally unelucidated)
"& C3Q triterpane (structurally unelucidated)

Notes:

The C30 18«5t(H) oleanane and I8,5(H) oleanane (fortserly "compound J" of
et al., 1983) ooelute on standard GC colussns. The 18,S(H) oleanane Is less
thermally stable then 13a(K) oleaxiane (Riva et a.1., 1988),

The scructurally tinelucidatad Cz7 and C-* pentacyclic triterpanes are peaks Y
and X, respectivaly, of Philp asid Ci.lb«EC (1.9S6).



DEHETHYlÅTE» HOPÅNES and BEMETRYLÅTED HORETÅNSS

G£5 and C3g t o G.,̂  l 7a (H)21^(H) - 2 5 - n o r hop anes and 17^<H)2.1ce(H)-2.5-norraot:.e^aEies

dhis

tihss

dhaos
dhaos

dhs IR

dhsas

23

32

Assignment

18a(.H) -22 , 2,5 , 29 , 30- tetrakisxsorneohopsne
17«(H)-22,23 ,28 ,30- te t rakisnorhopane

23,30-bisnorhopane
25,30-bisnorracretane

.la(H)210(H)- 2 5-norhopane
25-noraore tane
Z 5 -no rho rooh o p ane 2 2 S

17ex(H)2liJ{[•!)-25-nochotnohopane 22R
!-25-nocbishomahopane 22.S

25-norbIshosiohopane 22R
25-nortrishoaiohopane 22S
25-nortrishoffiohopane 22R
25 - nor te trakishomohopafte 22S
25-nortetfakishomohopafxe 22R
25-Tiorpentakishoiaohapane 22S

17a(K}21/S(H3 -25-norpentakishomohopane 22R

Huclear deasethylated hopanes are biological markers for severe baccerlal
degradation (Volkiaan et al., 1983a and b). •Dets.ethyiatl.on involves the loss of
the C-25 xssthyl group frora the G-10 position oft the A-ring (Rullkatter and
Wendisch, 1982)",

dtj.»

dtis
dt2a
dtzi
dtzz
dtas
dt24

dtas
4t2S

dtz?
dt2S
dt29

c, 3
cao

/̂

'^2S

"?.7

"S3

•: rieycl ie

t; r icy c lie
tricyelie
tricyelie
tricyelie
tricyelie
•; r i eye lie
cricyclic
trIcyelic
tricyelie;
tricyelie
tricyelie

terpane
terpane
terpane
cerparui
terpane
terpane
terpane
terpanes
terpar.es
terparies

terpanes
terpanes

Notes:

These compounds are r e l a t i v e l y unusual and are i n d i c a t i v e or the seve res t
l e v e l s of bictdegradacion (Howell ec &.I., 1984), C?5, C£7. C28 and CJS

deniethylaued t r i c y e l i e terrpa^es occur as isosssric ( a t C-22) p a i r s .



SECGHOPANES

Ssco- 8,14-hopanes

Assignment

shi C,_ seco-8,14-hopana
sha C?q ;;eco~8 ,14-hopane
shi CL0 seco-8 , lit • hopane

Notes:

Tetracyctic t«rpanes in degraded oil stains frost the Mor.ondava Basin of
Madagascar have been, identified as Ring-G opened seco-8,14-hopawes by
Rullkottsr and Wendisch (1982). Stereochemistry at C~S and C-14 gives rise to
several isoniexrs and higher and lower cas-hon numbers iaay also be present. Minor
amounts of secohopariess wars deceqtad in Srasiilian oils by Hello et &l. (1988).

Ås s i

BG C,4 botryococcane
S C,o squalane
/SC ^-carotane
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APPENDIX 4(1-2)

Alkane GO-MS quantitative data

Appendix Depth (feet)/Sampi© No,

4.1 704? (16.1.5 hrs)

4.2: 704? (00.00 hrs)
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A
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A
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