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Abstract

Branched aliphatic alkanes with quaternary substituted carbon atoms (BAQCs) were frequently identified in
ancient sedimentary rocks, and modern sediments and deep sea waters. The BAQCs are considered to be originated
from by bacteria and microalgae, but also to be formed by anthropogenic petroleum products as contamination of
geological samples. In the present study, we analyzed the BAQCs in sedimentary rocks of the Mesoproterozoic
Qaanaaq Formation in Greenland by GC-MS. We identified various BAQCs as aliphatic hydrocarbons. Moreover,

we examined the sources of BAQCs, which are originated from the ancient microbial ecosystems or contamination

from anthropogenic petroleum products.
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Tablel Identification of branched aliphatic alkanes with quaternary substituted carbon atoms (BAQCs) in Fig.2. Levels of the
identification are also shown.

Peak # Carboni Compound name Mole_cular Concentration Diagnostic fragment ions RIm RIr Identification
weight (ug/g) (m/z) (DBS-HT) (HP-5MS) level
al 15 3,3-Diethylundecane 212 1.31 98/99 183 1438 1449 1
a2 17 3,3-Diethyltridecane 240 n.d. 98/99 211 1644 1653 2
a3 19 3,3-Diethylpentadecane 268 23.1 98/99 239 1850 1857 1
a4 21 3,3-Dicthylheptadecane 296 8.64 98/99 267 2055 2061 2
a5 23 3,3-Diethylnonadecane 324 2.03 98/99 295 2258 2265 1
a6 25 3,3-Diethylhenicosane 352 0.58 98/99 323 2462 2469 1
a7 27  3,3-Diethyltricosane 380 n.d. 98/99 351 2666 2673 1
a8 29  3,3-Diethylpentacosane 408 0.29 98/99 379 2870 2877 1
bl 17 5,5-Diethyltridecane 240 n.d. 127 183 211 1594 1605 2
b2 19 5,5-Diethylpentadecane 268 n.d. 127 211 239 1797 1805 1
b3 21 5,5-Diethylheptadecane 296 n.d. 127 239 267 2000 2006 2,3
b4 23 5,5-Diethylnonadecane 324 3.79 127 267 295 2203 2208 3
b5 25 5,5-Diethylhenicosane 352 0.75 127 295 323 2405 2410 3
b6 27  5,5-Diethyltricosane 380 0.39 127 323 351 2608 2613 1
b7 29  5,5-Diethylpentacosane 408 0.26 127 351 379 2811 2815 1
b8 31 5,5-Diethylheptacosane 436 0.19 127 379 407 3013 3018 1
cl 18  6,6-Diethyltetradecane 254 n.d. 141 183 225 1687 1695 1
c2 20  6,6-Diethylhexadecane 282 8.42 141 211 253 1890 1894 2
c3 22 6,6-Diethyloctadecane 310 2.08 141 239 281 2091 2094 23
c4 24 6,6-Dicthylicosane 338 0.92 141 267 309 2292 2296 3
c5 26 6,6-Diethyldocosane 366 n.d. 141 295 337 2494 2498 3
dl 21 7,7-Diethylheptadecane 296 n.d. 155 211 267 1983 1988 2
d2 23 7,7-Diethylnonadecane 324 0.42 155 239 295 2184 2187 2
d3 25 7,7-Diethylhenicosane 352 0.38 155 267 323 2378 2389 1
el 16  2.2-Dimethyltetradecane 226 6.63 56/57 168 239 1513 1515 1
e2 18  2,2-Dimethylhexadecane 254 17.2 56/57 196 253 1714 1716 1
e3 20  2,2-Dimethyloctadecane 282 12.2 56/57 224 267 1916 1917 2
e4 22 2,2-Dimethylicosane 310 3.02 56/57 252 281 2117 2117 2
e5 24 2,2-Dimethyldocosane 338 n.d. 56/57 280 295 2317 2317 1
f1 19 3,3,9,9-Tetraethylundecane 268 4.81 98/99 239 1778 1779 1
2 21 3,3,11,11-Tetraethyltridecane 296 n.d. 98/99 267 1972 1980 2
3 23 3,3,13,13-Tetracthylpentadecane 324 1.21 98/99 295 2176 2183 2
f4 25 3,3,15,15-Tetraethylheptadecane 352 n.d. 98/99 323 2381 2387 1
5 27 3,3,17,17-Tetraethylnonadecane 380 n.d. 98/99 351 2584 2592 1
gl 19 5-Buthyl-5-ethyl-tridecane 268 n.d. 155 211 239 1744 1747 1
g2 21 5-Buthyl-5-ethyl-pentadecane 296 n.d. 155 239 267 1943 1944 2
23 23 5-Buthyl-5-ethyl-heptadecane 324 235 155 267 295 2142 2143 23
g4 25 5-Buthyl-5-ethyl-nonadecane 352 n.d. 155 295 323 2341 2343 3
25 27  5-Buthyl-5-ethyl-henicosane 380 n.d. 155 323 351 2542 2543 3

RI, : Retention index in this study. See text.

RI. : Reference for retention index (Kenig et al., 2005)

Level of identification; 1: Interpretation of mass spectral data, 2/3: The mass spectrum is identical to that was reported in references. (2: Kenig et al. (2005), 3: Greenwood et al., 2004)
n.d. : Not determined for coelution
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Fig.1  Total ion chromatogram (TIC; a) and mass fragmentograms (m/z 56, m/z 98, m/z 127, m/z 141, and m/z 155;

b-h) of the BAQCSs in aliphatic fraction (F1) of the Qaanaaq Formation in Greenland.
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Fig.2  El mass spectra of the BAQCs in the F1 of the Qaanaaq Formation in Greenland.
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Fig.3  Mass fragmentograms (m/z 127) of 5,5-Diethylalkanes and n-alkanes (®) in the F1 of the Qaanaaq Formation in Greenland.
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Table2 Compositions of the BAQCs observed in previous studies and our study.

C distribution for

Detected BAQCs C
References Age Sample type Q 5. 5-DEAs max
Mycke et al. (1988) Precambrian (1.5Ga) Sedimentary massive sulfides 5,5-DEAs C-Cs, Cy
Logan et al. (2001) Precambrian (1.6Ga) Sedimentary rocks 5,5-DEAs Co-Css C,
Brown and Kenig (2004) Mid-Paleozoic Green/gray shale 2,2-DMAs; 5,5-DEAs C7-Cy Co
. . . . 5,5-DEAs; 6,6-DEAs;
Greenwood et al. (2004) Precambrian (580Ma) Microbial mat facies S-B.5-EAs: 6-B.6-EAs C-Css Css
. . . . 3,3-DEAs; 5,5-DEAs;
Simoneit et al. (2004) Pleistocene ~ modern Hydrothermal sulfide deposits 6.6-DEAs. 5.B.5-EAs C7-Cyo Cy
3,3-DEAs; 5,5-DEAs;
6,6-DEASs; 7,7-DEAs;
. 9,9-DEAs; 2,2-DMAs;
Kenig et al. (2005) Cretaceous Black shale 33-DMAS: 3.3.03.03-TEAS: Ci5-Cy3 Cho
5,5,05,05-TEAS; 3-E,3-MAs;
5-E,5-MAs; 5-B,5-EAs
Grosjean and Logan - . . 3,3-DEAs; 5,5-DEAs;
(2007) Whirl-pak” plastic bags 6,6-DEAs; 5-B,5-EAs CirGss Ca/Co
"Seismic Supply Kaltex" 3,3-DEAs; 5,5-DEAs;
plastic bag 6,6-DEAs; 5-B,5-EAs CirCss CalCs
Sand transfer experiment from  3,3-DEAs; 5,5-DEAs;
"Whirl-pak" bag 6,6-DEAs; 5-B,5-EAs CirCss Ca/Cs
. . 3,3-DEAs; 5,5-DEAs;
Holocene Marine surface sediments 6.6.DEAS: 5.B.5-EAs C-Cy3 C,
Brocks et al. (2008) Precambrian (1.7Ga) black shales, exterior 5,5-DEAs No data Cyo
Precambrian (1.7Ga) black shales, interior 5,5-DEAs No data Cp
3,3-DEAs; 5,5-DEAs;
. 6,6-DEAS; 3,3,03,03-TEAs;
Zhang et al. (2014) Holocene Lake surface sediments 3-E.3-MAs; 5-E.5.MAs; C5-Cs, Cy
5-B,5-EAs; 6-B,6-BAs;
3,3-DEAs; 5,5-DEAs;
6,6-DEAs; 7,7-DEAs;
This study Mesoproterozoic Shaley mud stone s s C-Csy C/Cy

2,2-DMAs; 3,3,03,03-TEAs;
5-B,5-EAs

M D Caax T & B Cou | THEINT 2 M 17 % 7R

DWW T b M

& L 72 (Fig. 4 A)o BAQCR (. 5,

L7z (Fig. 4B)o Z O#ERIE. BB oSS,
5DEAs D Z & ENDH T L ERL, E#H DS,
5-DEAs {54 TH L ek Ry L& 2 5
Nbe 7272 L. CrCu®55DEAs 1En-T V71 >~
BN L TV TREZMETE ozl &
b, SInsofbear aiid 2 Fik URET
¥y b ERE) RHWAZ LT, MBS 4H
FOWEEX BT 52 EPHETH L,

¥ 72, Brocks et al. (2008) THEE 72 BAQCs
/I (BAQCR) #JH\W\Tn-T IV v & ORI

5-DEAs & — D RFF DOV n-T IV v EDOEIE
ERLIFETH Y. LTOXTREN D,
BAQCRnN = 100 (Cn 5,5-DEA / n-C...) (%)
FORER, RFHCCTIEAMINIZ B W T3,
5-DEAs %%150% % 7R3 D2 L. PIENZ100% %
TR B L o T 72ChE CullBNWT
X, AMEL & Al O S A IR I IR L7z,
C AT YIS FEEE D5, 5-DEAs A, P & A1l
THROREL 5. 425 DFRTIE % A
APSH SN/ baWTH L L ARIEL T
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and outside (surface) of the rock sample.
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5l Cpk Colp EHBIEHM CHE SN T
% BAQCs 13754« CTld7e <\ BATHIZ CTHE S
TWVBLEIIINAF =D —THLIREELD 5
L L. TIAF w28y 7 bR E Sk &
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Grosjean and Logan (2007) 23T~ 727 5 ¥ 7
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(A) BAQCR and (B) concentrations of each carbon number of 5, 5-diethylalkanes (DEAs) from inside

T FKIE (2008) Tid, ARIF7ECTHH L7722
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