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1. INTRODUCTION

The following samples from WHindermere—1 were submitted for
geaochemical analysis:

Sample Tvpe Test Depth Formation
Water ' SFT 35 Dilwyn
kater SFT 335 Dilwvyn
Hater st 1 1791-1838 Eumerallsa
0il DST 1 1791-1838 Fumeralla
Cuttings - 1830-1840C Eumeralia

The objectives of the analytical program were threefold:

i1} +to determine the physical properiies, sulphur content, tvpe,
maturity, sSource affinity and degree of post—pooling
alteration {water washing, biodegradation} of the oilj

r

to ascertain whether the pil has migrated Frem a distant
source kitchen or, alternativelvy, is of local origin; and

3} to characteriss the chemical composition, total dissolved
snlids, hardness, alkalinity and resistiviitvy/conductiviiy of
waters obtained +From tests of the Dilwyn and Eumeralla
Formations.

Freliminary results were facsimiled +to Minora Resources® Farth
office in seven progress reports dated 7 and 145 Apriil, i, 8, 11
and 25 May, and 30 June, 1287. Frogress report 3 contained
interpretative comments on the geochemistry of the Windermere—i

{DST 1} oil.

Analvtical datsa on the fluids {(oil, water) recoversed during DET 1
of the Eumeralla Formation were formally presented in Part 1 of
this report on 23 aApril 1287.

2. AMALYTICAL METHODS

Details aof the analvytical procedure are given in fAppendix 1.

Z. REBULTS

Analytical data are summarised and presented herein as follows:

Table Figure fAppendix

0il Analysis
Physical properties, gasocling

% sulphur contents 1 - -
Whole—oil &C - i 2
Sascline—range composition 2.3 2-4 ~
L4024+ composition & S -
GC of saturates 4.3 & -
5C-MS5 of naphthenes S.6 T—F2,12 =
GC-ME of aromatics 7.8 146,11 -
Calculated vitrinite reflectance 7 - -

[
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Cuttinos finalysis

TOC, Rock—Eval pyrolysis ? iz -
Vitrinite reflectance io - 4
Organic petrology 1i-13 - -
Hater Analvsis - - 5

4. OIL GEOCHEMISTRY

4.1 Beneral Characteristics

The WHindermers—1 (Eumerailal oil is a waxy, Llow sulphur,
paraffinic crude (Fig. 5 with an intermediate gravity {417 API}
and a high pour point (2770).

Careful examination of its gascline—range composition revesls that
the oil probably has not been altered in the reservoir by water
washing or biodegradation.

The values of gasoline—range parameters T
are much lower than in water—washed oi
non—marine origin from certain Jurassic
Basin {(McKirdy, 12835).

35 in this il {(Tablis 3}
iz of similar maturity and
reservoirs in the Eromanga

J

Morsover, the low values of parameters 1 and 2, and high value of
* ? =

parameter & in the Windermere—1 crude {(Table 3} are a reflection
of its immaturity, rather than a result of slight bicodsgradation.

The immaturity of the Windermere—1 (Eumeralla) oil also sccounts
for its relative lack of light ends (Cs-U;y hydrocarbons comprise
less than 25% of the total crude @ Fig. 13 éppendix 2). Thus, the

¥

high wax content ({(and pow point}) of the oil is a primary
compositional feature. This contrasts with the =situation in the
Febble Fpint Formation at Lindon—-1 where a mature o0il or

condensate has been stripped of its light snds by water washing
and biodegradation, resulting in a heavy, waxy, residual crude
{28® AFI gravity, 33°C pour pointl).

4,2 Haturity

Matwrity measursments based on  gasoline—range hyvdirocarbons
{parameters 8 & 9, Table 3I; Fig. 4}, sterane, friterpane and
izoprenoid alkana biomarkers {parameters 4, &, %, 10 & 14, Table
5y, and triaromatic hydrocarbons {(Tables 7, 8! all concur in
highlighting the low maturity of the Windermere—1 crude (VR3ic- =
0.57%1. 0Of particular significance is the high concentration of
the thermally labile 1,8-DMN isomer in the dimethylnaphthalane
distribution of the Windermere—1 o0il (Table B, Fig. 10}.

The lack of evidence for long—distance migration {parameters & &
7. Table 53 iz consistent with its probabhly origin in a nearby.
marginally mature source rock, probably within the Earily
Cretaceous Eumeralla Formation. '

W, i
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4.5 Source Affinity

The terrestrial source affinity of the Windermere—1 oil is clearly
evident from both its Cg-Cy alkanes (Fig. 3} and aspects of it=s
Cjis+ alkane composition {(Fig. 12). The oil originated from highsr

plant remains (Cgya/Csy sterane > 1.5) which were deposited in a

partly oxic aguatic environment {prsph > 2. This primary land
plant detritus was reworked {(degraded) by aerocbic bacteria {and
?fungi) during sarly diagenesis. Bacteria were the precursors of
the Cp4—Czg hopanes found in the oil (m/z 191, Fig. 8. A major
input of bacterial lipids to its source material accounts for the
0il ‘s high hopane/sterane ratio {(parameter 18, Table &).

The Cs;3Cszg sterans and diasterane distributions of the
Windermere—1 o0il are dominated by Cs;,s homologues of higher plant
origin {(Fig. %). This is a characteristic feature of most
fustralian non—marine crude oils {see e.g. Vincent et al., 1985;
Fhilp and Bilbert, 1984&).

Reqgular {(head-to-tail) acveclic isoprenoids up to €5 have been
tentatively identified in the Hindermere—1i oil {m/z 183, Fig. B).
This isoprenoid distribution differs in detail from those found in
pils iike the DOtway Basin coastal bitumens which were generated
from source rocks deposited under stable anexic conditions
(Mckirdy et al., 1284, 19853 see also Fig. 12).  The higher
isoprenoids (Cs;4) in the Windermere—1 crude are likely to be
derived from long-chain oligoterpenyl alcohols which ocour  in
higher plants (Fhilp and Gilbert, 1285, rather than from
methanogenic archasbacteria. ’

The miz 123 mass fragmentogram {(retention time 25-30 mins.: Fig.
7} iz dominated by the tricyclic diterpanes, 1%9-norisopimarans and
isopimarane. These particular Cj;gs and L33 hydrocarbons are
biplogical markers of conifer leaf resins (Moble et al., 198&6).

5. SOURCE ROCE ANALYSIS
Cuttings from 1B30—1838 metres dept! in the Eumeralls Formation
were hand-picked to separate its dominant 1lithotypes (904 shale,

10% coal). These two rock types were analysed separately.

S.1 Maturity

Rock—Eval pyrolysis data (Fig. 13} are in good agreement with
vitrinite reflectance measursments (VR = 0.350% @ Table 10). The
slightly higher apparent maturity of +the shale in Figure 13 is
attributable to the high inertinite content of its dispersed
organic matter (I = 204 of DOM : Table 113}.

5.2 Source Richness and Buality

The low genetic potential and poor source gquality eof the shale
{§;+55 < 1 kg hydrocarbons/tonne; HI = 100 = Table 2} is
consistent with the highly inertinitic composition of its DOM, and
the slightly oxidised condition of its exinite (Tables 11, 12Z).
The shale contains gas—prone Type III-IV kerogen (Fig. 13).

EIT N
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The source richness and guality of the ceal is very good (5345 =
210 kg hydrocarbons/tonne; HI = 3532 : Table ?). The better guality
of its Type II-II1 organic matter (Fig. 13} is a direct result of
its higher vitrinite content (V = 50U of DOM : Table 1i1}). This
cpal is a marginally mature potential source of oil and gas.

&. DIL-S0URCE CORRELATION

The MPI-derived maturity of the Windermere-1 {(Eumerallazl oil
{(YRegle = ©.57%) represents the maturation level of its source
rock at the time of primarvy migration.

Comparison of YHog1. with the wvitrinite reflectance of " the host
reservoir (VRpoae = 0.00%) shows that the oil is only slightly out
of place in terms of maturity.

Given the apparent oil-source potential of coal within ths
Eumeralla Formation ({(Section 5.2}, it seems likely that the
Windermere—1 crude originated within the same formation. Two
possible scenarios esxist for  the origin of this oil from an
intra-Eumeralla source:

1} migration up faults Ffrom deeper in the Eumeralla Formatieon at
Hindermere—1

2} up—dip migration from a source kitchen located basinward of
the Windermere—1 well where cocals of the upper EBumeraila
Formation are more deeply buried.

7. CONCLUSIONS

1. Intermediate (41° APFP1 gravityl, wauxy (27°C pour point) oil
recoveraed during drill—-stem testing of sands within the upper
Eumeralla Formation at Windermere—1 is an immature, unaltered,
primary paraffinic crude of terrestrial orgin.

2. On the bazsis of its maturity (VR zij- = 0.57%) and composition,
the 0il can be correlated with coal-bearing sediments within
the Early Cretaceous Eumeralla Formation.

Z. The oil originated from a sowce kitchen in close proximity to
the Windermere—1 well locality.
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'TQBLE 7 = OIL MATURITY BASED ON AROMATIC HYDROCARBOM DISTRIBUTIOMSH,

WIMDERMERE-1

AMDEL Well Test % MPI MFPR DMR VR-a1

Sample Depth (m} {a} {b) {c} {d} {2}

No.

M5—370 HWindermere-—l1 D5T 1 G.4% 0.81 nd O0.70 N/A O.BS5 N/ O0O.57
1721-1838

#5ee key {(next page) for derivation of listed parameters

nd = not determined
M/ = not applicable

N = preferred value




KEY TO ARDOMATIC HATURITY INDICATORS

HMethviphenanthrene index (MrI}, methvyiphenanthrene ratic (MFR},
dimethvinaphthalense ratio (DMNRD and calculated vitrinite
reflectance (VRoai1e-? are derived From the following equations
{aftter Radke and Y“Welte, 1283:; Radkes 2t 2iI., 1784):

1.5 {(2-MP + S-MP)

MFI = i
F o+ 1-MP + Z-MP
YReaie f(a? = G.& MFI + 0.4 (for VR < 1.35%)
VReg1o (bi = —0.E FMPI + 2.3 (for VR > L.3E5H)
2-MPE
MFR =
1—-MF
VRea1c (22 = 0.99 log g MPR + Q.94 (for VR = 0.5-1.7%:
Z2.,6-DMM + 2,7-DpN
1,5-BrN
VRea1e (d) = G.0448 BMR + 0.8%2 (for VR = 0.9-1.35%}
Where P = phananthrene
1-MP = l-methyiphesnanthrens
2-MP = Z2-methylphenanthrens
e = Z-methyiphenanthrens
F—-MF = Z—methvlphenanthrens
1,5-DMN = 1 ,5—dimethyinaphthalene
2,56—DMN = 2.8—dimethylnaphthalens
2,7-DMN = 2,7-dimethvinaphthalsnes

FPeak areas measured from miz 1535+15&4& {dimethvlinaphthalens?, m/z
178 (phenanthrense} and miz 121+122 ({(methyliphenanthrens) mass
fragmentograms of diaromatic and triasromatic hydrocarbon fraction
isplated by thin laver chromatography.

Recalibratin of the methylphenanthrene index using data Ffrom a
suite of Australian coals has given rise to ancther eguation for
calculated vitrinite reflectance (after Boreham and FPowell, 1%B7i:

VYReg1e (22 = Q.7 MPI + 0,22 (for VR < 1.7%4)

The following dimethylnaphthalene i1atioc {(Alexander et al., 1283}
has not been calibrated against vitrinite reflsctance:

1,&-DMN
DNR-5 = —

1,8-DMN

# (ol




TABLE B: SUPPLEMENTARY AROMATIC MATURITY RATIOSs IN OIL FROM WINDERMERE-1

Well ’ Test & DMR-5 ThiR—1
Depth (m}
D8T 1 , 4.2 G.54

Windermere—1
1791-1838

ALY TS

#After Alexander et al. (1985)
1.6-Dimethylnaphthalene

1,8-Dimethylinaphthalense

2,.3,5Trimethylnaphthalens

1,4,6+1,3,5-Trimethyinaphthalens




TABLE 9

- AMDEL
ROCK-EVAL PYROLYSIS 21/05/87
. Client MINORA RESOURCES N.L.
Well WINDERMERE-1
DEPTH T MAX S1 s2 S3 S1+S2 PI §2/S3 PC T0C HI 01
{m)
SHALE ) =
1830-38 440 0.17 0.73 0.97 0.s80 0.19 0.75 0.07 0.73 100 133 {‘_;
COAL N =
1830-38 430 11.64 198.35 2.37 209.99 0.06 83.69 17.49 56.20 353 4




TABLE 10: SUMMARY OF VITRINITE REFLECTANCE DATA, WINDERMERE—1

Depth Mean Maximum Standard Range Number of
{m} Reflectance Deviation Determinations

(%)

1830-18EE8=

RIAES AT

Coal .50 Q.03 Q. 44-0.560 33
Shale .42 .04 0.40-0.34 i2

#¥Cuttings comprise 10X coal, 0% shale.




TABLE 11: PERCENTAGE OF VITRINITE, INERTINITE AND EXINITE IM DISPERGED
ORGANIC MATTER, WINDERMERE-1

. Depth Percentage of
{m} Vitrinite Inertinite Exinite
1B30-1838B Coal SO 40 ig

1830-1838 Bhale <3 ' : 20




TABLE 12: ORGAMIC MATTER TYPE AND ABUMDANMCE, WINDERMERE-1

l Depth Relative Maceral Estimatsd VYolume of Exinite Macerals
{m} Group DO 2inites
Proportions

18301838 Coal V>RIXE &0-70% ab lama,bmite,lipto,spo, =
res,cut =
1830-1B38 EBhale IXFEXY Q.5—-1% - Ra lamay lipto,spo.,cut, N

bmite,tela -




EXIMNITE MACERAL ARUNDAMCE AND FLUDRESCENCE CHARACTERISTICS,

TABLE 13:
WIMDERMERE-1

Depth Exinite Macersals Lithology/Comments

{m?}

iama {Ab;mi-d0) ,bmite(Co3;dd}, Cgal; durite, durpoclarite and
lipto{Sp;mb} spo(Rajm¥-—d07, clarodurite. Bituminite is
cut {(Vr;mO-—dgg:} . slightly micrinitised. Most
exinites appear to bes slightl
oxidised. -

1B30-1838 Coal

i b i

Shale; most exinites appear to
be slightly oxidised.
Bituminite as above.
Telalginite is Betryeceocus—
related.

iB830—-1838 Shale lama{Ra;mb-d0) ,lipto{Vrimd),
spo (Vi ,m¥Y—d0}! ,cut (VrimD-dO}),

tela(TriiY)
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5,+55
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KEY TO ROCK-EVAL FYROLYSIS DATA SHEET

FARAMETER
position of S; peak in temperature program (°C)
kg hydrocarbons (extractable)/tonne rock
kg hydrocarbons (kerogen pyrolysate)/tonne rock
kg €Oy (organic)/tonne rock
Fotential Yield
Froduction Index (5,/5; + S5)
Pyrolysable Carbon (wt. percent)
Total Organic Carbon (wt. percent)
Hydrogen Index (mg h'c {(Sp) /g TOC)»

Oxygen Index (mg CO5(S3)/g TOC)

SPECIFICITY
Maturity/Kerogen type
Kerogen type/Maturity/Migrated oil
Kerogen type/Maturity
Kerogen type/Maturity#»
Organic richness/kKerogen type

Maturity/Migrated oil

Organic richness/Kerogen type/Maturity

Organic richness
Kerogen type/Maturity

kKeraogen type/Maturity#®

*Also subject to interference by Cl5; from decomposition of carbonate minerals.




EEY TO DISFERGSED ORGANIC MATTER DESCRIPTIONS

HACERAL GROUPS EXINITE HACERALS
Y Vitrinite ' spo Sporinite
I Inertinite _ cut Cutinite
E Exinite res Resinite
sub Suberinite -

lipto Liptodetrinite
fluor Fluorinite
terp Terpenite

exs Exsudatinites
phyvtao Phytoplankton
tela Telalginite

lama Lamalginite
bmite Bituminite
bmen Bitumen

thuc Thucholite

ABUNBANCE (by veol.l}

Ma Maior *18%

Ab Abundant 2—-15%
Co Common 1-2%4
Sp Sparse C.5-14
Ra Rare . 1-0.5%
Yr Very Rare 20.1%

Tr Trace <001

FLUORESCENCE COLOUR ANMD INTENSITY

G Green i Intense

Y Yellow m Moderate

g Orange d Dull

E Brown nofl Mo Visible Fluorescence

PLET R
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FIGURE 2

GASOLINE-RANGE CHROMATOGRAM
WINDERMERE-1, DST 1

Eumeralla Fm.
7 F619
{
R
A’J Uil b‘L Uil ULV, Lo
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KEY TO GASOL INE-RANGE CHROMATOGRAM

2-Methylbutane {(Isopentane)
n—Pentane
2,2-Dimethylbutane
Cyclopentane
2,3-Dimethylbutane
2—-Methylpentane
3—Methylpentane

n—Hexane
2.,2-Dimethylpentane
Methylcyclopentane
2,4-Dimethylpentane
242,3—-Trimethylbutane
Benzene
3,3-Dimethylpentane
Cyclohexane

2-Methylhexane
E;S—Dimethylpentane
1,1-Dimethylcyclopentane
S—Methylhexane
cis—1,3-Dimethylcyclopentane

trans—1,3-Dimethylcyclopentane

3-Ethylpentane and trans—1,2-Dimethylcyclopentane

n—Heptane
Methylcyclohexane
Ethylcyclopentane

Toluene

0 (. gl




FIGURE 3

SOURCE AFFINITY BASED ON C5-C7 ALKANES,
WINDERMERE-1

4 7 L4 L4 7 4

BRANCHED

(@) -~




KEY TO C5-C7 TERNARY PLOT

s
;/ MIXED \
\<
&
ALGAL/BACTERIAL 5

L4 4 L4 7 4

-
10 20 80 40 80 80 70 80 80

BRANCHED

~
~
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FIGURE 4

OIL MATURITY AND ALTERATION
WINDERMERE-1

50

40- SUPERMATURE/WATER WASHED
- 30-
s
—
L0
>
@ MATURE
©
42
Q.
Q
T 20-

(0]
10-
IMMATURE/BIODEGRADED
0 1 1 i R 1
0 1 2 3 4 5
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PARAFFINS

FIGURE 5

CRUDE OIL TYPE BASED ON
Cy2+ BULK COMPOSITION

AROMATICS/RESINS/ASPHALTENES
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FIBURE 7-%9

MASS FRAGMENTOGRAMES OF MAPHTHERNES IN
OIL FROM WINDERMERE-1, DST 1

Fig. 7 : mfz 123, 259 diterpanss
Fig. B :: mfz 183 acyclic isoprenoid alkanes
mSz 121 triterpanss {incl. hopanss,
moretanes)

n
i
]
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steranes
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KEY TO MASS FRAGMENTOGRAMS

m/z 123, 259 (diterpanes)

1 Ty isopimarane

2 Cog ent-beyerane E
3 Cay isopimarane =
4 Cog 168 (H) —phyllocladane K
S Cag ent—-146g (H) —kaurane i

& Cag 16x{H)—phyllocladane

7 Cag ent—16« (H) —kaurane

m/z 183 {(acvclic isoprenoid alkanes)

15-40 numbers indicate number of carbon atoms in compound
* irregular {head—-to—head)

m/z 121 {(terpanes)

1-46 Copg—Cas tricyclic terpanes

‘ -7 Cog tetracyclic terpane

- = : Cag tricyclic terpane
2 Coy 18 (H)—22,29,30-trisnorhopane (Ts)
i0o Coq 17x{H)-22,29,30-trisnorhopane {(Tm)
i1 Cag 17 {H)—-28,3F0—-bisnorhopane
12 Cas 17w {H) -Z25—narhopane
13 Cag 17x{H)21g{H) norhopane
14 Cag pentacyclic terpane
15 Cag 17g{H) 21 x(H) moretane
146 Cxzyp 17 (HY21 8 (H) hopane
17 Eag 17p{H) 21 x{H) moretane
18-22 C3;-Csg 17e(H)218{H) 228 (left) and 22R (right)
homohopanes '

m/z 217, 218, 259 (steranes, diasteranes)

1 Cay sterane

2 Caa sterane

Ik4 Coy 208 and 20R diasteranes

S8 Csy Se{H)14x{H)17x{(H) 205 and Z0R steranes

-] Coy Sx(H)14g{H) 17p{H) 20R sterane

7 Cay Sx{HY14p(H)178(H) 205 sterane + Cpge 208
diasterane

9 Cag 20R diasterane

10213 Cog S5x{H)14x(H) 17x{H) 208 and 20R steranes

1112 Cap SadH)14g(HY17g{H) 20R and 205 steranes

14%17 Cag Sx{H)14ax(H)17x{H) 208 and 20R steranes

15216 Cae Sx{H)14p(HY17g{H) Z2Z0R and 205 steranes
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FIGURES 10-11

ahe g Yk

MASE FRAGMEMTOGRAMS OF AROMATIC HYDROCARBOME -
IN OIL FROM WINDERMERE-1, DGT 1

Fig. 10 : mfz 13& dimethylnaphthalenes

m/z 1&9+170 trimethylnaphthalenes

Fig. 11 miz 178 phenanthrens

msz 121+122 methvlphenanthrenes




FIGURE 10
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FIGURE 13

Client :  MINORA RESOURCES N.L.
Well name : WINDERMERE-1
Interval : Eumeralla Formation
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AFPEMDIX 1

ANSLYTICAL METHODE




Al.l

i. TOTAL ORGAMIC CARBON (TOD

Total organic carbon was determined by digestion of a2 known weight
{(20.2 g) of powdered rock in 350X HCI to remove carbonates,
foliowed by combustion in oxvgen in the induction furnace of a
Leco IR-12 Carbon Determinator and measurement of the resultant
COz; by infra-red detection.

2. ROCE-EVAL PYROLYSIS

A 100 mg portion of powdered rock was analvsed by the Rock-Eval
pyrolysis technique (Birdel IFP-Fina Mark 2 instrument; operating
mode, LCycle 1).

Z. ORGANIC PETROLOGY

Representative portions of the hand-picked cuttings {crushed to
—-14+35 EBSS mesh) were ocbtained with a sample splititer and then
mounted in cold setting Astic resin using a 2.5 cm diameter mould.
Each block was ground +Flat u=sing diamond impregnated laps and
carborundum paper. The surface was then polished with aluminium
agxide and finally magnesium oxide.

&

Reflectance measurements on vitrinite phytoclasts, were made with

a Leitz HMPVI.1 microphotometer +Fitted te a Leitz Ortholux
microscope and calibrated against svnthetic standards. /11
measurements were taken using £il immersion {in = 1.518 and

incident monochromatic iight {wavelength 545 nm} at a temperatus
at 2421°C. Fluorescence observations were made on  the same
microscope ultilising a 3 mm BGS excitation Ffilter, & TE4L4OD
dichroic mirror and a ES10 suppression filter.

4. WHOLE-DIL AND GASOLIME-RANGE ANALYSIS

A sample of the whole-oil was analysed by gas chromatography using
the =zame instrumental conditions described in Section 7.

5. ISOLATION OF Cype FRACTION
The oil was topped to 210°C by distillation.
&. LIQUID CHROMATOBRAPHY

Asphaltenes were precipitatsed from the topped o©0il by refluxking
with petroleum ether prior te liguid chromatography. The
asphal tene—+free fraction was separated into hydi-rocarbons
{saturates and aromatics) and polar compounds (resins) by liguid

chromatography on activated alumina {(sample: adsorbent ratio =

1:100). Hydrocrabons were eluted with petrolesum
sther/dichloromethane {5050} and resins with
methanol /dichloromethane (&5:35). The saturated and aromatic
hydrocarbons were then separated by liquid chromatography on
activated silica gel (sample: adsorbent ratio = 1:100) eluting in

turn with petrolsum ether and petroleum ethersdichloromsthans
(P1:92).




Al.Z2
7. BAS CHROMATOGRAPHY

The whole-oil and saturated hydrocarbons (alkanes) were examined
' by gas chromatography using the following instrumental parameters:

Gas chromatograph: Perkin Elmer Sigma 2 opsrated in the
split injection mode

Column: ) 29 m x 0.3 mm fused silica, SGE QL3E/

BFP1 .
Detector temperature: I0GC f
Column temperature: 40°*C for 1 minute, then 8% per min. to

3I00°C and held isothermal at 300°C
until all peaks siuted

Quantification: Relative concentrations of individual
hydrocarbons were obtained by measurement
of peak areas with a Perkin Elmer LCI 100
integrator. The areas of peaks
corresponding to aromatic hydrocarbons
were multiplied by appropriate response
factors.

8. THIN LAYER CHROMATOGRAPHY (TLO?

aromatic hydrocarbons were isolated from an aliguot of the oil by
preparative TLC using Merck GBFszgy silica plates and distilled AR
grade n-pentane as eluent. Maphthalesne and anthracens were
employed as reference standards for the diaromatic and triaromatic
hydrocarbons, respectively. These two bands, visualised under W
light, were scraped from the plate and the aromatic hydrocarbons
redissclved in dichloromethane.

Z?. GAS CHROMATOGRAPHY-MASE SPECTROMETRY {(GC-M5)

Naphthenes (branched/cyclic alkanes) were isolated from the oil by
urea adduction of its saturatsd hydrocarbons.

BGC—HME analysis of the naphthenes {(urea non—adduct) was undertaken
in the selected ion detection (SID) mode. The instrument and its
operating parameters were as follows:

Svstem: Hewlett Packard (HF) 5720 GC coupled
with a HPSZ70A mass selective detector
and HFZ7814&68 data system

Columns: 25 m ¥ 0.3 mm i.d. HP Ultra Performance
cross—linked methylisilicone phase fused
silica, interfaced directly to source of
mass spectrometer

Injector: Split injection {(&0:51)
Carrier gas: He at 0.2 kg/cm? head pressure
Column temperature: 3I5-280°C at 5%/min

Mass spectrometer
conditions: 70 eV; P-ion selected ion monitoring,
S0 millisec dwell time for smach ion




I
[ory
A

The following mass fragmentograms weres recorded:

Compound Tyops

miz
123 sesquiterpanes {(incl. drimanes!,
diterpanes
177 ' demsthylated triterpanes
183 acyclic alkanes {(incl. isoprenoids?
i1 triterpanes (incl. hopanes, moretanes)
205 methyl tritsrpanes
217 steranes
2ig steranes
231 d—methvisteranes
2529 diasteranes, diterpaness
Integration of the m/z 12=Z, 191, 2035, 217 and 259 mass

fragmentograms allowsed calculation of the biomarker ratiocs in

Tables S and &.

The di— and triaromatit hydrocarbons isclated from the oil by thin
layver chromatography were also analysed by GC-HE.

The same instrument as above was emploved for the 8ID GC-MS of the
aromatics. Its operating parameters werese as follows:

Column: S0m ¢ 0.2 mm i.d. HF PONA cross—-linked
methylsilicone phase fused silica,
interfaced directly to source of mass
spectrometer

Injiector: Split inijection (40:1)

Carrier gas: He at 1.2 kgfcm? head pressure

Column temperature: SO-25680°C 8 4°/min

Mass spectrometer
conditions: 70 eV EI; P—ipn selected ion monitoring,

70 millisec dwell time for each ion

The following mass fragmentograms were recorded:

4 Compound Tyvpe

miz
1546 dimethvlinaphthalasnes

189+170 trimethvlnaphthalenes
178 phenanthrene

121+192 mathyiphenanthrenas

The area of the phenanthrens peak was multiplied by a response

factor of 0.4487 when calculating the methylphenanthrene index
{(HMPI).

EIEEETS
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APPENDIX 2

WHOLE-OIL ANALYSIS, WINDERMERE-1




. AMDEL LIGUID ANALYSIS SERVICE Method R2.1

Client: MINOREA RESOURCES N.L. FReport # FE771/87

Sample: WINDERMERE No. 1
DST 1 (1791-1838m)

Boiling Point Component Weight’ Ml 4
Range (Deg.C)

whe i ¥ i

~88.6 ETHANE 0. 06

0.35
s PREOFANE 0,56 221
-11.7 I-BUTANE 0.86 297
0.5 N-BUTANE 1.17 2. 00
27 .3 I-FPENTANE 1.5% .88
3. 1 N-FENTANE .22 e
26.1-68.9 - 2.355 7.16
BO.O BENZENE Q.05 O.11
68.9-98.3 -7 3.11 a3
100.9 METHYL.CYCHX &.61 1i.69
110.6 TOLUENE 0.15 0,28
58.3~125.6 C—-8 2.01 3. 06
136, 1-144.4 ETHYLEBZ+XYL. 0.9 1.62
125.6~150.6 C-9 1.95 Z.63
150.6-173.9 C—10 2.45 2.99
173.9~196.1 C—-11 2.51 2.73
196, 1-215.0 C—-12 2,70 2.75
215.0-235.0 C—-13 4.91 425
235.0-252 C~14 .64 .19
252. 2 C—15 4,43 3.62
2706~ C~16 4.47 3.43
287.8-302.8 C—-17 4.11 2.97
S02.8-817.2 C~18 4,57 3.1z
217.2-330.0 C~19 o. 80 2.759
330, 03544 .4 Cz20 505 3. 10
e 4557 .2 C-21 S RRE ) .13
B w2063, 4 C-22 S.22 2.9z
262, 4-380.0 C—23 D549 Z.26
380.0-331.1 C—24 4. 66 .39
391.1-401.7 C~25 : 4.70 Z2.31
401 .7-412. 2 Lz .15 1.49
412, 2-422.0 2 C~27 29 .34
AR 2 C-28+ Q.32 0. 14
Total 100,00 100,00
€ 0.00 = LESS THAN 0.01%
The above boiling point ranges refer to the normal paraffin

hydrocarbon  boiling in that range. Aromatics, branched hydrocarbons,
naphthenes and olefins may have higher or lower carbon numbers but are.
grouped and reported according to their boiling points.

Average molecular weight of C-8 plus 234 g/mol
This report relates specificall tio the sample tested; it also relates
to the batcoch insofar as the sample is rvepresentative of the Batoh.




APPENDIX 3

bl b

OTHER MASS5 FRAGHMENTOGRAMS OF NAPHTHENES
IN OIL FROM WINDERMERE-1 (DST 1) -

mfz 123 drimanss
mfz 121 homologous tricvclic & tetracyclic terpanes
mfz 177 hopanes, demesthylated hopanes

miz 205 methylhopanes

miz 23 d—-methvylsteranes

msz 259 diasteranes
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AFPENMDIX 4

HISTOGBRAM PLOTS OF VITRINITE REFLECTANCE
MEASUREMENTS, WINDERMERE-1
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