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Pulverized samples of a Cambrian schist from Slemmestad by Oslofjorden 
and a coarse-grained marble from Storforshei, Mo i Rana, were extracted 
with a mixture of benzene and methanol. Qualitative analyses of the up
concentrated extracts were made with a gas chromatograph connected to a 
mass spectrometer; the subsequent quantitative analyses were made with a 
gas chromatograph. In the two samples about 25 organic compounds were 
detected, their concentrations varying about l p.p.m. 

F. J. Langmyhr, P. Kolsaker & B.-G. Steen, Kjemisk institutt, Universitetet 
i Oslo, Blindern, Oslo 3, Norway. 

During recent years the growing interest in organic geochemistry has initi
ated studies on the content and distribution of the organic components of 

minerals and rocks, both of terrestrial and extraterrestrial origin. 
The present paper describes a gas chromatographic/mass spectrometric 

(GLC/MS) determination of some of the organic compounds present in a 
sample of a Cambrian schist from Slemmestad by Oslofjorden, and of a 

coarse-grained marble from Storforshei, Mo i Rana. 

Experimental 
Apparatus 

Qualitative analyses were made with a Perkin-Elmer 990 gas chromatograph 
equipped with a flame ionization detector and an 8' aluminium column with 
3 o/o Dexsil on 60/80 mesh Chromosorb W. The chromatograph was con
nected to a Hitachi Perkin-Elmer AMU-6L mass spectrometer. 

Quantitative analyses were made with a Varian Aerograph 1520 gas 

chromatograph equipped with a flame ionization detector and an 8' glass 

column with 10 o/o OV-17 on 60/80 mesh chromosorb W. 
During the quantitative analysis 'ghost peaks' appeared on the chromato

grams; these arose from thermal decomposition of the silicone robber septum 

of the commercial injector system. In order to avoid these disturbing peaks, 

an injector system of the type developed by A. Bugge, K. Hasle & L. Dahlin 
(pers. comm., 1975) was made; instead of the septum this construction 

had a needle valve with gaskets made of silver. 
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Extractions were made with a Quickfit Soxhlet extractor equipped with 
25 X 80 mm Schleicher & Schtill cellulose thimbles. 

Evaporations were made with a Blichi Rotavapor. The samples were 

crushed in a laboratory jaw crusher; further reduction of the particle size 
was obtained by manual pulverization in an iron mortar and pestle. 

Reagents 

For standardization purposes, a series of even-numbered n-alkanes covering 
the range CoHu-C2sHss was employed. 

All other chemicals were of reagent-grade quality. 

Standard solution 

For the quantitative analysis, a single combined standard solution of 9 n

alkanes was prepared; the compounds selected for this purpose and the 
amounts weighed out are listed in Table 1. 

The mixture of the standards was dissolved in 50 ml benzene, the con
centrations of the various constituents now corresponding approximately 
to those in the 50 �-tl extracts of the rock samples. 

Purification of the solvents 

Preliminary gas chromatographic analysis of samples of benzene and me
thanol evaporated to small volumes showed the presence of a number of 
impurities. The solvents were purified by slow distillation of about 1 l in 

a Dufton still, the first 10 ml and the last 50 ml of the distillate being dis
carded. In the purified solvents no impurities were detected by gas chro

matography. 

Cleaning of the thimbles 

After being washed with acetone, the thimble was placed in the extractor 
and extracted twice for 24 h with 100 ml of the benzene-methanol mixture 
employed in the later analysis. The first extract was discarded, the second 
was evaporated to a small volume and analyzed by gas chromatography. 

Table l. The amounts of n-alkanes weighed out for the preparation of the combined 
standard solution. 

Al kane 

n-decane 
n-dodecane 
n-tetradecane 
n-hexadecane 
n-octadecane 
n-eicosane 
n-docosane 
n-tetracosane 
n-octacosane 

Amounts (in mg) weighed out 

14.3 
11.2 
14.8 
16.6 

6.6 
4.9 
6.3 
8.0 
4.3 
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The chromatograms indicated the presence of very low contents of 6 dif

ferent silicon compounds (of which tetramethoxysilane was identified), jonol, 

dibutylphthalate, and dioctylphthalate. 

Samples, sampling and sample preparation 

A 0.5 kg sample of Cambrian schist was taken at Slemmestad by Oslofjorden. 
Before sampling, the outer weathered layer of the rock was removed. 

A 2 kg sample of a coarse-grained marble was collected in the Bjørnhei 

iron ore deposits at Storforshei, Mo i Rana. 
During sampling special precautions were taken to avoid contamination. 

Unfortunately, both samples were put in plastic bags which could intro

duce organic contaminations, such as phthalates; degreased aluminium foil 
is to be preferred as a wrapping material. 

Before being crushed, the samples were washed with acetone. Pieces 

too large to get into the jaw crusher were disintegrated with a hammer. 
After crushing, 20 g portions were transferred to the cleaned iron mortar, 
10 ml of benzene were added, and the sample was pulverized with the iron 

pestle. (Attempts were made to pulverize the crushed samples in a disc mill 
and in a ball mill; however, with the former equipment too much heat was 
evolved, with the latter the blank runs gave very high results.) 

The content of the mortar was transferred to the thimble of the Soxhlet 

extractor, and the sample was extracted for 24 h with 100 ml of a mixture 

of benzene-methanol (3:1). The solvent mixture was removed, the sample 
was again transferred to the mortar, and the particle size was further reduced 

by grinding (without the addition of benzene). The sample was reextracted 
two times as described above, each time with new portions of the solvent 
mixture. The gas chromatograms after the third extractions showed the 
absence of compounds originating from the samples. (According to Mitterer 

& Hoering the extractable organic compounds amount to 1-4 o/o). 
The particle size of the sample was established after the extractions; the 

results of the sieve analyses are shown in Table 2. 
The extracts from the three extractions of one 20 g sample were com

bined and evaporated at about 50°C in the Rotavapor to a volume of about 

10 ml. 
For the qualitative analysis, five 20 g portions of each of the two rock 

samples were extracted as described above. The resulting five 10 ml extracts 

Table 2. The results of sieve tests of two of the samples extracted. 

Fraction 

5Q-70 mesh 
7Q-100 mesh 

10Q-150 mesh 

Se hist 

Amount in percent 

40 
20 
40 

Fraction 

5Q-70 mesh 
7Q-100 mesh 

10Q-150 mesh 

Marble 

Amount in percent 

25 
10 
65 
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were combined and transferred to a small separating funnel connected to 

a chromatographic column (diameter about 10 mm, length about 100 mm) 

filled with activated copper as prescribed by Blumer (1957). The 50 ml of 

benzene-methanol mixture passed the tube at a rate of 1-2 drops per s; 

the column was then washed with 40 ml of benzene. The purpose of this 

treatment was to remove sulfur, which may interfere seriously in the sub

sequent analysis. 

The combined sample and washing solution was then transferred to the 

Rotavapor and evaporated at about 50°C until the volume was about 0.5 ml. 

As pointed out by Nooner & Or6 (1967), an evaporation to dryness will 

result in the loss of all aliphatic hydrocarbons with less than 15 carbon 

atoms. The small volume left in the Rotavapor was transferred to a sample 
bottle, and was evaporated by standing at room temperature until the volume 

was reduced to about 50 �-tl; from this volume 8 �-tl portions were analyzed 

by gas chromatography/mass spectrometry. 

The conditions during the qualitative analysis were: GLC: injector and 

detector temperatures 300 °C, column temperature 70-280 °C (rate of 

heating 6 °C per min), carrier gas helium, 27 ml per min; MS: electron 

energy 70 eV; temperature of ionic source 270 °C. 
For the quantitative analysis it was sufficient to extract only one 20 g 

portion of each rock sample. The extract was prepared as described above 

and reduced to a final volume of about 50 �-tl; 4 �-tl portions were then 

introduced into the gas chromatograph by means of the specially made 

injector system; the remaining volume was measured with a 50 �-tl syringe. 

The experimental conditions during the measurements of the samples 

and standards were: GLC: injector and detector temperatures 300 °C, 
column temperature 60-280 °C (rate of heating 6 °C per min), carrier gas 

nitrogen, 25 ml per min. As apparent from the chromatograms reproduced 
in Figs. 1 and 2, the peaks were sufficiently sharp to permit analyses to be 
based on measuring peak heights. 

The concentration of the various alkanes in the samples was calculated 
from the following formula: 

where 

Cp = 
hp = 
hs = 

Vt 
f· ---

Vt- V;ni 

1 

M' 

the concentration (in p.p.m.) of the organic component in the sample 

the height (in cm) of a peak in the sample 

the height (in cm) of the corresponding peak in the standard 

the mass (in mg) of the standard giving the peak height hs 

the volume (in �-tl) injected (in the present analysis it was the same 

for sample and standard) 

Vs = the volume (in ml) of the standard solution 

f = the correction factor for different range and attenuator values during 

measurement of sample and standard 
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Table 3. Analytical results from the analysis of the schist. 

Compound no. Name Formula Conc. in p.p.m. 

l tetramethoxysilane Si(OCH3)4 Bl.a 
2 xylene CaHiCHs)2 rvO.l 
3 unid.b 
4 n-decane c1oH22 1.0 
5 unid. 
6 2,3-dimethylnonane CuHu 1.0 
7 Si-compound Bl. 
8 n-undecane CuH24 1.9 
9 phenol C6H50H *c 

lO n-dodecane c12H2e 0.5 
11 Si-compound Bl. 
12 n-tridecane c1sH2s 0.07 
13 unid. 
14 unid. 
15 Si-compound Bl. 
16 n-tetradecane C14Hso rv0.1 
17 unid. 
18 n-pentadecane CuHs2 <O.l 
19 hydroquinone C6Ht<OH)2 * 

20 methylnaphthalene CuHto <0.01 
21 biphenyl C12H1o * 

22 n-hexadecane c1øH34 <O.l 
23 n-heptadecane C17Hse <O.l 
24 Si-compound Bl. 
25 n-octodecane CtaHsa <O.l 
26 Si-compound Bl. 
27 n-nonadecane CuH4o <0.05 
28 n-eicosane C:oHu <0.05 
29 methylpalmitate C15H31COOCH3 * 

30 unid. 
31 n-heneicosane CuH44 <0.05 
32 unid. 
33 n-docosane C:2H4ø <0.05 
34 dibutylphthalate C6H4(COOC4H7)2 Bl. 
35 n-tricosane c2sH4a <0.05 
36 Si-compound Bl. 
37 n-tetracosane C24Hso < 0.05 
38 n-pentacosane C25Hs2 < 0.05 
39 n-hexacosane c2øH54 <o.o5 
40 n-heptacosane c27Hsø <0.05 
41 unid. 
42 dioctylphthalate C6H4(COOC8H17)2 Bl. 
43 n-octacosane c2aHsa <O.OS 

a Bl., the compound was detected in the blank, it is probably not present in the sample. 
b unid., unidentified. 
c *, the concentration varied to such an extent, that an average value could not be 

calculated. 

V 1 = the remaining volume (in f..ll) in the sample bottle after the first 

injection 

V2 = the remaining volume (in f..ll) in the sample bottle after the second 

injection 
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Fig. l. Gas chromatogram of the upconcentrated extract of the schist. The numbers 
on the peaks refer to the compounds listed in Table 3. 

M = the mass (in g) of the sample taken for extraction. 

From the two 50 Ill extracts, four 4 Ill portions were taken for quantitative 

analysis. From the data obtained, the precision of some determinations was 

calculated (see below). 
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Fig. 2. Gas chromatogram of the upconcentrated extract of the marble. The numbers 
on the peaks refer to the compounds listed in Table 4. 
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Results 

Typical chromatograms, as obtained during the quantitative analysis of the 

schist and the marble, are reproduced in Figs. l and 2, respectively. The 

number on the peaks refers to the compounds listed in Tables 3 and 4, 

which give a survey of the compounds detected in the extracts and their 

concentrations in the samples. 

As apparent from Tables 3 and 4, the contents of some compounds varied 

to such an extent that averages were not calculated. In Tables 5 and 6, 

Table 4. Analytical results from the analysis of the marble. 

Compound no. Name Form ula Conc. in p.p.m. 

l n-decane C10H22 1.4 
2 c,-alkylbenzene cloHu < 0.005 
3 2,3-dimethylnonane CuHu 1.7 
4 n-undecane CuHu 4.1 
5 dimethylindan CuHu < 0.001 
6 trimethylindan CuHte < 0.001 
7 n-dodecane CuH24 "-' 0.01 
8 n-tridecane CuH2s <O.Ol 
9 n-tetradecane cl,Hso < 0.01 

10 dimethylphthalate C6H,(COOCHa)2 Bl.a 
11 n-pentadecane c1sHs2 <O.Ol 
12 jonol C15H230H Bl. 
13 unid.b 
14 u nid. 
15 n-hexadecane C18Hs, < 0.01 
16 diethylphthalate C8H,(COOC2H5)2 Bl. 
17 n-heptadecane CnHse < 0.01 
18 unid. 
19 n-octadecane c1sH39 < 0.01 
20 unid. 
21 n-nonadecane CuH•o <O.Ol 
22 methylpalmitate C15H31COOCH3 *c 

23 dibutylphthalate C8H4(COOC,H7)2 Bl. 
24 n-heneicosane CuHu < 0.005 
25 n-docosane C22H" < 0.01 
26 unid. 
27 n-tricosane c2aH•s <O.Ol 
28 n-tetracosane C24Hso <0.01 
29 n-pentacosane c2sHsr <O.Ol 
30 dioctylphthalate C6H.(COOC8H17)2 Bl. 
31 n-hexacosane c2,Hu <O.Ol 
32 unid. 
33 n-heptacosane c27Hse <O.Ol 
34 squalene CaoHso <o.o5 
35 n-octacosane c2sHss <O.Ol 
36 n-nonacosane C29Høo <0.05 

a Bl., the compound was detected in the blank, it is probably not present in the sample. 
b unid., unidentified. 
c *, the concentration varied to such an extent, that an average value could not be 

calculated. 
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Table 5. Separate values (in p.p.m.), averages (x), and relative standard deviations (s,) 
for five compounds as obtained from four analyses of the schist. 

Separate values 
Compound 

Xt Xz X a x4 x s, 

n-decane 1.2 0.9 1.0 0.8 1.0 17 
2,3-dimethylnonane 0.7 0.8 1.1 l.S l. O 36 
n-undecane 1.2 l.S 2.0 2.9 1.9 40 
n-dodecane 0.6 0.2 0.4 0.3 0.4 42 
n-tridecane 0.05 0.07 0.08 0.07 36 

the compounds are listed for which averages and standard deviations were 

calculated. 

The technique employed in the present study permits only the determina

tion of extractable compounds, and of those having boiling points above 

that of n-decane (b.p. 174 °C). 

The possibility of losses of hydrocarbons during the evaporations by the 

formation of azeotropic mixtures with the solvents should also be taken 

into account. 

As apparent from the results of the blank analyses, it seems unlikely that 
silicon compounds and phthalates were present in the samples. 

From previous studies (Spiteller & Spiteller 1973), it is known that 

samples may be contaminated with squalene (2,6,10,15,19,23-hexamethyl

tetracosahexaen-2,6,10,14,18,22) by contact with human beings (perspira

tion) or animals; this may explain its presence in the marble. 

Jonol(4-methyl-2,6-di(tert-buthyl)phenol) is a common component of 
plastic materials; the wrapping material is likely to be the source of this 

compound. 

During the past 10 years a number of studies have been made of the 
contents of organic components of meteorites and of terrestrial minerals 

and rocks. In the Murchison meteorite, Kvenvolden et al. (1970) detected 
hydrocarbons and amino acids. Determinations of the hydrocarbons in 

the Murchison meteorite were made by Studier, Hayatsu & Anders 

(1972); in this sample they also detected fatty acids, purines, pyri

midines, porphyrines, as well as chlorine- and sulfur-cont1Uning species. Gelpi 

Table 6. Separate values (in p.p.m.), averages (x), and relative standard deviations (s,) 
for three compounds as obtained from four analyses of the marble. 

Separate values 
Compound 

xt Xz X a x4 x s, 

n-decane 1.9 2.0 1.2 0.6 1.4 46 
2,3-dimethylnonane 2.0 2.4 1.6 1.0 1.7 35 
n-undecane 6.4 4.9 3.0 2.2 4.1 46 
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& Or6 (1970) compared the contents of isoprenoids and aliphatic hydro

carbons in 6 different meteorites, and found concentrations varying from 

O.l to 15 p.p.m. 

In terrestrial sedimentary rocks various authors (Mitterer & Hoering 

1966-67, Belsky, Johns & McCarthy 1965, Gallegos 1971, 1973, Anders 
& Robinson 1971) have detected and/or determined n-alkanes, branched 

alkanes, and a number of more complex hydrocarbons, such as cycloalkyl

benzene, steranes, terpanes, and cycloalkanes. 

It is now generally accepted (see e. g. Cooper & Bray 1963) that the 

organic compounds of sedimentary rocks are of biological origin. 

As to the origin of organic materials in meteorites, it is assumed - and 

has been experimentally confirmed - that they may be formed by a Fischer

Tropsch reaction, i.e. a catalytic combination of carbon monoxide, hydrogen, 

and ammonia. 

The qualitative and quantitative results of the present study are in agree

ment with those of previous investigations of sedimentary rocks. However, 
the detection of same oxygen-containing compounds is surprising. Fatty 

acids have been detected earlier (Mitterer & Hoering 1966-67), but not the 

methyl esters of these acids. It is not unlikely that an esterification with 

methanol of the fatty acids present may take place during the extractions; 

the presence of acidic points (of Lewis nature) in the samples may catalyze 
this reaction. 

According to Cooper & Bray (1963), myristic, palmitic, and stearic acids 

are the most common fatty acids in sediments; the methyl esters of these 
acids were also those found in }argest quantities in the present study. 
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