
Organic Biomarkers
Guest Editors: Sebastian Naeher, Xingqian Cui, and Roger Summons

79

87

93

100

107

115

Biomarkers: Molecular Tools to Study Life, Environment, 
and Climate
Sebastian Naeher, Xingqian Cui, and Roger E. Summons

Contributions of Genomics to Lipid Biomarker Research: 
From Paleoclimatology to Evolution
Laura Villanueva and Marco J.L. Coolen

Biomarkers in the Precambrian: Earth’s Ancient 
Sedimentary Record of Life
Christian Hallmann, Katherine L. French, and Jochen J. Brocks

Biomarkers in Extreme Environments on Earth and the 
Search for Extraterrestrial Life in Our Solar System
Florence Schubotz, Mark A. Sephton, and Sylvie Derenne

Advancing Analytical Frontiers in Molecular Organic 
Biomarker Research Through Spatial and Mass Resolution
Amy M. McKenna, Paul D. Zander, and Lars Wörmer

D E P A R T M E N T S
Editorial – Organic Geochemistry's Looming Test  . . . . . . . . . . . 75
From the Editors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
Meet the Authors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
People in the News  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
Society News

Association of Applied Geochemists  . . . . . . . . . . . . . . . . . . .  121
European Association of Geochemistry  . . . . . . . . . . . . . . . . . 122
Geochemical Society  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  124
Japan Association of Mineralogical Sciences . . . . . . . . . . . . .  125
Deutsche Mineralogische Gesellschaft  . . . . . . . . . . . . . . . . .  126
Mineralogical Association of Canada  . . . . . . . . . . . . . . . . . . .  128
Mineralogical Society of America  . . . . . . . . . . . . . . . . . . . . . .  130
Meteoritical Society  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  132
Sociedad Española de Mineralogía . . . . . . . . . . . . . . . . . . . . . 134 
Société Française de Minéralogie et de Cristallographie . . .  134
Clay Minerals Society  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  135
Mineralogical Society of the UK and Ireland  . . . . . . . . . . . . .  136
International Mineralogical Association  . . . . . . . . . . . . . . . .  138
International Association of GeoChemistry . . . . . . . . . . . . . .  139

Calendar  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  140
Advertisers in this Issue  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  140

Future Outlook for Applications of Biomarkers 
and Isotopes in Organic Geochemistry
John K. Volkman

Grand Prismatic Spring, 
Yellowstone National Park, 
Wyoming USA

73

Elements is published jointly by the Mineralogical 
Society of America, the Mineralogical Society 
of the UK and Ireland, the Mineralogical 
Association of Canada, the Geochemical Society, 
The Clay Minerals Society, the European 
Association of Geochemistry, the Inter national 
Association of GeoChemistry, the Société 
Française de Minéralogie et de Cristallographie, 
the Association of Applied Geochemists, 
the Deutsche Mineralogische Gesellschaft, 
the Società Italiana di Mineralogia e Petrologia, 
the International Association of Geoanalysts, 
the Polskie Towarzystwo Mineralogiczne 
(Mineralogical Society of Poland), the Sociedad 
Española de Mineralogía, Swiss Geological Society, 
the Meteoritical Society, the Japan Association 
of Mineralogical Sciences, and the International 
Association on the Genesis of Ore Deposits. It 
is provided as a benefit to members of these 
societies.
Elements is published six times a year. Individuals 
are encouraged to join any one of the partici­
pating societies to receive Elements. Institutional 
subscribers to any of the following journals— 
American Mineralogist and The Canadian Miner­
alogist—also receive one copy of Elements as part 
of their subscription. Institu tional subscrip­
tions are available for US$180 (US$195 non­US 
addresses) a year in 2022. Contact the executive 
editor (editorialteam.elements@gmail.com) 
for information.
Copyright 2022 by the Mineralogical Society 
of America.
All rights reserved. Reproduction in any form, 
including translation to other languages, or by 
any means—graphic, electronic, or mechanical, 
including photocopying or information storage 
and retrieval systems—without written permission 
from the copyright holder is strictly prohibited.
Publications mail agreement no. 40037944
Printed in USA
ISSN 1811­5209 (print) 
ISSN 1811­5217 (online)

elementsmagazine.org
pubs.geoscienceworld.org/elements

SOCIÉ
TÉ

  F
R

A
N

Ç
AI

SE
  D

E  M
INÉRALOGIE  ET  DE  CR

IS
TA

LLO
G

R
APHIE

Volume 18, Number 2 • April  2022


