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In an attempt to extend our investigation of the organic components

f . d· 1 , 2, 3, 4 h . d blo anCIent se Iments to anot er contlnent an pre suma y a

separate origin, we have extensively studied the hydrocarbons present

in the Moonie Crude Oil from Queensland, Australia.
5

It is believe d

that the oil had its source in Pern1.ian rocks, probably sedimentary,

and later n1.igrated along an unconformity at the bottom of the reservoir

basin into Jurassic and Triassic sandstone, dated on the basis of

6,7,8 'd f d· 1 . hspores. A W1 e spectrUIn 0 se Iment ana yses varyIng t e

parameters of time and geographic location can be expected to have

considerable importance relative to the question of when and how life

evolved on earth and possibly even in extraterrestrial environments.

Eventually such an approach may also shed some light on the ecology

of a particular locale at a given geologic period.
,

The experimental procedure, previously explained in detail, 1

involved the use of column chromatography (TLC grade neutral

A1
2

0
3

-elution with~-heptane) to separate from 3.89 g of crude oil, the

"total" hydrocarbon fraction (1.46 g). Using this I'total" fraction, the II normal ll

(straight chain) hydrocarbons were separated by means of a· 5 ..2.. molecular

sieve, from the IIbranched-cyclic ll hydrocarbons, the latter representing

approximately 42% of the "total" hydrocarbons. Individual compounds of the

"branched-cyclic fraction" were separated on a 3% SE - 30 gas -liquid chroma-

tography colUInn (10 it. x l/4 in.) and purified successively on (25 ft. x

1/4 in.) 2 1/2% 7 -ring m,tapolyphcnylether and 3% t.etracyanoethylated

pcntaerythritol chromatog·;-,?hic phases. A modified C.E. C. 103 mass

spectrometer was used to, ldcidate the structures of isolated compounds.
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In Figures I-III the origiri3.1 mass spectra of the first th:ree compounds

isolated from the Moonie Cil are presented. These are sample spectra

illustrating the purity attai led by the above isolation procedure sand

proper mass spectrometric handling techniques. In Figure V-VII the

bar graphs drawn from these originals are presented. (Relative

intensities for all peaks which are off scale due to the choice of the

base peak are given in Table 1.) All spectra published in this and

preceding papers have been handled in the same manner.

The gas chromatograms (packed column, lOft. x 1 /16 In.

3% SE -3D-program rate 6
0

/min.) of the "total", "branched-cyclic" and

" normal" fractions are presented in Figure IX. The normal alkanes

can be seen to run from C
9

to C
Z9

with :maxima at C
IZ

and C
18

and
f

negligible odd over even predominance. Particularly indicative of life

processes are the isoprenoid alkanes, which possess a high degree of

r
structural specificity. The isolated CIS' C 16 , C

l8
, C

l9
(pristane) and

i
C

ZD
(phytane) isoprenoids, whose m.ass spectra are given in F~gures IV-Vill,

appear to have a regular isoprenoid structure corresponding to that of

phytane. Structure 1.

\
\

I I
i
~
t.

Evidence was also obtained for the existence of a C
Zi

isopreno'id but

it was not separable from other components. Also identified were

representatives of three other hom.ologies; Figure X .gives the mass

spectrum of C
l5

iso-alkane (Z-methyltetradecane), Figure XI that of
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c, 0 anteiso-alkane (3-methylheptadecane), and Figures XII and
.Lv

XlII those of C 15 and C 16 ~-alkyl-cyclohexane. Pos sible biological

origins of these compounds have previously been dis.:ussed. 4 Figures

XIV-XVII give the mass spectra of four (relatively pure by gas

chromatographic as well as by mass spectrometric standards)

unidentified compounds, Xl' X 2 , Y l' and Y 2· Compounds Xl and X 2

are branched C 16 alkane s and were collected irom the region :marked

X in the gas chromatogram in Figure IX; Y 1 and Y 2 are branched C 17

alkane s and are from the region marked Y. An interpretation Of the

InaSS spectru:m of compound Xl suggests Structure II (5.9-di:methyl

tetraclecane) •

II

Similarly, a possible interpretation of co:mpound X
2

is given by

Structure III (4,9-dimethyltetradecane). The formation of such

co:mpounds :might be possible by cracking of squalane. Table II

presents the relative retention tim.es of C~m.pounds Xl' X 2 ' Y 1 and Y 2

on gas chromatographic phases. High resolution mass spectrometric

studies verify that these are saturated branched hydrocarbons. 9

Figure XVIII J a gas chromatogram on a 3% SE-30 (150 it. x 0.010 In.

- program rate 1o/min.) capillary column reveals the actual complexity

of these regions. A thorollgh rna-ss spectrometric analysisof the C 17

isoprenoid region (as determined by coinjection of the synthetic 2,6,

1 O-tri:methyltctradecane) 1 0 indicato:: s that this compound is not pre sent
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in significant arrlOunts. Mas s s pe ctrometric ambiguitie s in the

identification of the exact structure of the C 19 isoprenoid
4

have been

eliminated (and pristane established as definitely present) by

coinjection of pristane. 11 An investigation of the high mass region

has given no evidence of steranes or triterpanes although high molecular

weight unsaturated compounds are present.

Hydrocarbons from the Australian Moonie Oil, age 200 million

years, therefore, resemble very strongly the hydrocarbons found in

other sediments varying in age from 30 million to 2.7 billion years.

Since we have found indications of isoprenoids, iso -alkane, anteiso -alkane,

E.-alkyl cyclohexane, and normal alkane series in the oils and sediments

examined, as indicated in Table III, it is becoming increasingly

evident that aIllong biogenic sediments, variations due to individual

sediment history and eco~ogy are to be found primarily in the relative

aInounts of these compounds present, and possibly in the hydrocarbons

nl · all . . d . h fh~roc~b~spresent 0 y 1D SIn quantIhe s, an not In t e types omp n ~

present •

•
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TABLE I

OFF SCALE MASS SPECTRAL L.~TENSITlES

M/E IV V VI Vll VIII X XI XIV XV XVI XVIl M/E

40 210 160 180 121 670 120 120 840 40
41 770 420 2000 770 710 2140 1000 1200 2500 ,2300 1040 41
42 220 134 500 220 170 820 800 300 550 630 256 42
43 1070 3300 1800 1400 3570 6000 2600 4000 5000 1930 43
44 131 260 150 157 3300 116 170 44
53 101 53
55 335 230 900 450 420 515 600 640 580 110 655 55
56 400 194 660 460 370 393 260 470 400 375 56
57 950 3400 2400 1720 1790 500 2600 1800 5200 2620 57
58 170 120 180 109 58
60 - 400 60
61 3500 61
62 150 62
69 120 285 200 270 179 250 250 230 380 336 69
70 180 147 230 140 280 150 110 280 200 370 30·1 70
71 820 1300 1300 910 800 250 1300 790 2000 1100 71
72 110 72
83 130 131 190 136 83
84 125 84
85 .250 410 410 672 113 500 120 85
97 210 120 125 220 110 97
98 140 160 200 160 98
99 130 143 190 160 99 I

:~.

l"

00

f---~-



Compound

J

TABLE II

Relative Retention Times

10 1 X 1/4" SE-30, 0
Program rate 4 Imin.

9

25 1
X 1/4", 21/20/0PPE

Isothermal 1360 C

,

C 16 Isoprenoid 2,2. 7 min. 10.8 min.

Xl 23.5 II 11. 9 II

X
2

24.2 II 12.8 II

Y1 26.7 " 19.0 "
Y2 28.2 II 20.8 II

C
18

Isoprenoid 28.6 II 23. 1 II



TABL.E III

,,~

Approxinlate Relative Abundance of Alkanes ..

Sample Age Isoprenoids

-,
;, .

C l-5 C l6 C n C I8 C 19 C 20 C
21

t

Soudan Shale 2.7xI09 0.08 0.6 - 1 0.6 O. I

Nonesuch Oil 1 x 109 0.4 1.2 1 0.3 O. 1

Nonesuch Calcite
1 x I 0 9Vein 0.2 O.S 1 0.3

Antrim Shale 265 x 10
6

0.2 1.3 1 0.6

Moonie Oil 200 x 10
6

0.3 O.fi 1 0.3 <0.05

Green River
50 x 10

6
Shale 0.4 < 0.1 0.2 1 5.5

San Joaquin Oil 30 x 106
0.9 1 0.9

Abbott Seep Oil 3 x 106
1 0.3

"
Abbott Rock Oil 3 x I06

0.4 1 0.5

>;, Determined from gas chromatographic peak heights

,.!

~

o



Sample

Soudan Shale

Age

2.7 x 109

TABLE III (Can't.)

Steranes

0.03

Triterpane

1.2

11

Green River
Shale

0.05 0.5 0.8 1..2
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TABLE III (con't.)

Anteiso-Alkane

C 16 C 17 C l8

.E,-alkyl- Cyclohexanc s

CIS C l6 C l7 'C I8
C

I9

Xl

C 16

Xz
C 16

Y 1

C
17

Yz
C

17

0.07 <0.10.Z 0.05

O. 1

O. 1

O. Z O. 3

o.i <0.1 O. 1

0.1 <0.1 0.05 O. 1

~

hi



TABLE III (con't.)

Normal Alkane

:18 C 19 C lO C li ell C l3 C l4 C l5 C l6 , C
l7

C
Z8

C
l9

C
30

C
31

C
3l

C
33

C 34

1.9 0.50.9

>.9 0.750.550.4 0.3 0.2 0.1 0.09 0.07 0.050.04 0.030.02 0.01 0.01 0.01

".2 1.351.35 1.30 1.2 1.1. 1.0

>.5 0.20.005

0.8 0.7 0.6 0.4 O. 3 0.2 O. 1 0.08 0.05 O. 03

".04 1. 03 0.9 0.8 0.7 0.65 0.4 0.. 3 O. I 'O.OA 0.01 0.005

).060.1 0.020.080.250.1 0.01 0.15 0.01 0.250.021.1 0.021.1 0.010.09

).6 0.40.2 0.10.05
" .

),4 0.2 0.08 0.06 0.05 0.04 0.0250.0250.025 0.060.04 0.07 0.08 0.3 0.1 0.050.03

l.2 1.3 l.0 0.8 0.5 0.3 0.2 0.15 0.1 0.080.01

~

vO



I
t,

W)Oi'1IE C,- /:30;;1\[,')0ID
i)

22G

......... •.....-.-._ __ ..' ' .. _'~_ , ;_1_',.' ... •.'J" ~~ '_,..'_'.'_'••', .. , ; ~~._,.:",..~·.I-'.· -- .' __..

~~~-~:~:~ --.:;".::":;~-;;--::. '~~~..?~~::~ ~',,_.~~-: ,":~;.-'.--~"':~.':'" ' .'=--~.-_\.~.~.---:,_ ..-_.. -.- -_.~._---- .. ~ ..__._-._ _.__ ., _--._._--- ---- -- '~'--"", .. --_. ,---- ---;_.
'" _:.. _ ....-::c.::.::.::. ._-,=,-' __::.:.•- - .'.:..' •• '\

~~OO100 150

.. -...- ..:.._--......-:. :-.... ._'.,~--_'_-_"'_---

r'J':o CI j,); (:: C. ~ IS l!?~~: ::~ l~-:():D
,.)

234
----.~._..-...~- ... -. -- -------'.

- .'.- .
~.-' .__.--.-._- ", .__ .. -.- ...._... --.------" ------ -----

--"7----.-~ -,.---- - ---,- _._-----~-------_. ----.---p--
. ... -- -.,.,--,,--, ..._.~._-

,," .. --_._-~'- .. -..
;:" ~~:.-'_. ':.::==----- ,.:.. --.,. ..'--- .....--_ .. /."-- -,~- -~._~~..-=,~ .. ----

100 150 200

MOOI\!I[ CD ISO:.lREi'J01D

..--\

:i .~.1 ;, .i I iJ J
, ' ' I 1 , . , , • !, , 2GO

ti~~0~:;~~~·:,·~·~~~~~:(~,: ..~s=~t:~f;~~i'~~~c=<~~- -- ·:'~-i".:~~~~-=~:·· .•. ':.- ·~~:i{;::=~~. --:'1: ..-=-:~:.,'~~~_.~. :~~~~~=~~~- ~1
100 150 200 v

Figure I Original Mas s Spectrurn of Moonie Oil C 16 Isoprenoid

Figure II Original :Mas s Spc ctrunl of Moonie Oil C 18 Isoprenoid ...,.
,.j>.

. Figure II I Original Mas s Spe drum of ;'lfoonic Oil C 19 Iso prcn?ic1



15

Cl5 ISOPRENOID0 11
IL127

-"~~~'------r,--------------------
,113

183

100

I ""To

M(212)

250

rVl00~:j;:: OIL C;6 iSOPRENOiD

300

M(226)

250 300

------~---~-------------------------------,

i
" MOON lEOIL C!s ISOPRENOID

%9

:83
I'

MOONIE OIL Cl9 ISOPRENOID

250

30e

300

I,M(282)

1
253 M(268)

[I,

253

I
,I
h

250

250

ISOPRENOID

I
,I
",I

y • ,
.LSO?:4en.01G.

197
I

200

x10

[, ,

:'.. "i,

i83

183

MOONIE OIL C20

:50

Spc ctru:-r1. of :v~OO:1icMass

::.00

I 113I
Ii
11
II
II

I il
I(

I' ,'I,I i:l,
100

I

1
'13 i

1

,I 1
127

I II I

I H Ip :I,I

II
:1 II
"Iq 'I

iii ;1
ili lit :)!

,I'.' 11;:1 , .. I;,;

100

I
iI
"II
I':
i',
;:u
?!

:1

IV

;0

50

;0

"r"

£ :gurc

C, / Iso":)rcnoia
':'0

"' rocVJ. :'Mass 0: ;"'/:oOLic Oil Cl'~ ISOJl'Cli,oid.
... 0

'lITT ~ 150~r2noicl'-20 -



16

FARNi:St.ht:

e'G "0,'''1'0'.,"/1, I
I"

.

TOTAL
PkYT;"h:C

CIG i'Ci.)(.rI";~

;-CIO I

, ""IZ' ~;;"!f'
j;'!'iE'

~

..
,

ATT'N
100 X4

I
i
I
I
!, ,
i

ATj-N
10 X a

,~

I

C:5 jSO-~~t<;".\E

i
Ci5 CYCLOnt:XANt:

y,.,'..

/.' '.-,.It,.

" '.' . I'. I
ANTt:ISO-AL.KANt:

NORMALS

i
i
I;.
J
f
j
I
i

" J

';O::,,:C. 2~~·~c :0CYC:"'C~EXANt: .... ~. ~f
1 -=~::" _.:31.0~ :.2.:.,5 _.:2:.i'O::... .:.:2..5 .....:I~P:.._ J5:_ ...:(,~.i

i
i
I

I
I

I
I

I
I

~.' ,"'--' . /

j _/',__ /,---r'-'

FR:"GTIO~SHYDROG~i\3C:'\OlL.

t
i
i

.. -t~'-~~~~' - ~-~ ~~ I
2G5-C -1

l-.__"~_J_'_.~.;_~ ..:~..:·,~=-- ..:3::::0:- _':~:":):':.. ~2~,G:..-. --.:i~":- ~iO::... ..l ~O1
~v~OOi\ IE

IX G2..S
::r;-",-. ...... ; I:

..i.. u ~";"...i..
: J 3l"'J..rlcr~c C. - C\rclic::



17

169

iS7

. ~1.(212}

:i

:~O 2CC /cn
r_·~·_~_~_~_i ~~ ~~__,,__~~~~~·w~ ~2~G~C~._

lv.OONIE OIL CIS !ANTEISO-AU<ANE
225

.1.

253

\ ,'.1(254)

2C~ 250 JUw

MCONIE all CI5 CYClOHEXANE
,8::..:;;----------------------------------

100 200 250 300

83
: MOONIE Oil CI6 CYClOHEXANE

11.(224)

2CJ 250

.....'...vi..Z:..ss



18

fV:OON!E OIL169

---'~_.----------------------;
li3

.-

300250

M(240)..

! 240 252
" '"

225
~

MOONIE OIL

211

! "

200

M(226)
,/

J
2'~ r 2SC 3SCu~)

lv:OONIE OIL X 2183

i
I
I ,,1,1,(226)

"ii,

200 250 300

MOONIE OIL Y l169...

169...

14\:,

I::

I,
, !

100

': i

,.(

: 155,
J'

,-:.;.-........,--_.._,--

- r,
:Ou 100 :.50 200 250 3CO

~.

XIV .\': ~_:J S7J2 C~:'l:r.C~ 0;'" 1vloanic Oil Xl.:: 19l1:--C '"

Fi.;~r c XV ~;:;.s s c::~~ Ci.: :.t.:~J. of 2\foo::.ie ,.... " X
2

~ •..JC VLl

-,-,
XVI ' r

S:]C C:':'::i..2:'-.:.'1. ...... r :\: . Oi: y19u:-e .... \(J...::i s.s u. _ l.COr::c
1

~.

XVIi ?-...-:: Z:. s .3 S pc ctn::"'- of :\.. . Oil Y.l.t 19ur\:; ~ '... 00:-'.i.:C
2



MOONIE OIL, BRANCHED-CYCLIC FRACTION

(with baseline)

Figure XVIll Capillary Column Gas Chromatograph of Moonie Oil

"Branched- Cyclic" Hydrocarbon Fraction
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