
0.8 

0.5 

• deep sea corals 
• brachiopods 
• mollusks 

foramini fera 
• coccoliths 
• fi sh otoliths 

teeth 

0.4-1-~-~-~----::12:--;:13:;---;< 
8 910 

https://doi.org/10.1017/S1089332600002631 Published online by Cambridge University Press

https://doi.org/10.1017/S1089332600002631


RECONSTRUCTING EARTH'S
DEEP-TIME CLIMATE

The State of the Art in 2012

Co-sponsored by:
Geological Society ofAmerica

Society for Sedimentary Geology (SEPM)
The Cushman Foundation

Linda C. Ivany and Brian T. Huber
Editors

The Paleontological Society Papers

Volume 18 November 2012

https://doi.org/10.1017/S1089332600002631 Published online by Cambridge University Press

https://doi.org/10.1017/S1089332600002631


COVER
Cover designed by Mary Parrish, Smithsonian Institution (SI).

Front cover images
(top left to top right): Conodont element, photo by Kenneth G. MacLeod (Univ. Missouri); fossil horse
tooth, photo provided by Bruce McFadden (Univ. Florida); benthic foraminiferan, image provided by
Ines Wendler (Bremen Univ.); fossil leaf, photo by Dana Royer (Wesleyan Univ.).
(middle left to right): GDGT structure, see Tierney, this volume; cross-section of fossil bivalve shell,
photo by Devin Buick, articulated fossil bivalve, image provided by Linda Ivany.
(bottom left to right): structure ofplanktic foraminiferan, photo by Brian Huber (SI); clumped isotope
temperature calibration, see Affek this volume; fossil coral and data, see Ivany, this volume.
(background image) rudist isotope curve from Thomas Steuber (Univ. ofBochum), modified by Brian
Huber (SI).

https://doi.org/10.1017/S1089332600002631 Published online by Cambridge University Press

https://doi.org/10.1017/S1089332600002631


RECONSTRUCTING EARTH'S

DEEP-TIME CLIMATE
The State of theArt in 2012

Presented as a Paleontological Society Short Course

at the

Annual Meeting of the Geological Society ofAmerica

Charlotte, North Carolina

November 3,2012

Convened by

Linda C. Ivany

Brian T.Huber

https://doi.org/10.1017/S1089332600002631 Published online by Cambridge University Press

https://doi.org/10.1017/S1089332600002631


A Publication of the Paleontological Society

Series Editor
Sara A. Marcus

Oregon Institute ofTechnology
3201 Campus Dr.

Klamath Falls, OR 97601 USA

Copyright © 2012 by the Paleontological Society

ISSN 1089-3326

All rights reserved. This entire publication may not be reproduced, stored in a retrieval system, or transmitted, in any
form or by any means, electronic, mechanical, photocopying, recording, or otherwise, without permission in written
form from the Secretary of the Society. Diagrams, figures, tables, illustrations, and graphs may be reproduced by
photocopying and distributing free of charge for educational purposes, ifproper credit is given to the author(s) and
the Society.

Printed by Yale University Printing and Publishing Services.

https://doi.org/10.1017/S1089332600002631 Published online by Cambridge University Press

https://doi.org/10.1017/S1089332600002631


OFFICERS OF THE PALEONTOLOGICAL SOCIETY
2012

President
Philip D. Gingerich, Ann Arbor, MI

President-Elect
Sandra Carlson, Davis, CA

Past-President
Douglas H. Erwin, Washington, D.C.

Secretary
Mark A. Wilson, Wooster, OH

Treasurer
Peter Harries, Tampa, FL

Councilor (unrestricted)
Linda Ivany, Syracuse, NY

Councilor (under 40)
Alycia Stigall, Athens, OH

Program Coordinator
Tom Olszewski, College Station, TX

Education Coordinator
Margaret (Peg) Yacobucci, Bowling Green, OH

Student Representatives
Sarah Tweedt, College Park MD

Andrew Haveles, Minneapolis, MN

Co-Editors, Journal ofPaleontology
Steve J. Hageman, Boone, NC
Brian R. Pratt, Saskatoon, SK

Co-Editors, Paleobiology
Bruce MacFadden, Gainesville, FL
Douglas Jones, Gainesville, FL
Jonathan Bloch, Gainesville, FL

Editor, Special Publications
Sara Marcus, Klamath Falls, OR

Editor, Priscum
Philip Novack-Gottshall, Lisle, IL

Chair, PalSIRP
Ronald Parsley, New Orleans, LA

Section Chairs:
Cordilleran

Nicole Bonuso, Fullerton, CA
North-Central

Benjamin F. Dattilo, Fort Wayne, IN
Northeastern

Alexander Bartholomew, New Paltz, NY
Rocky Mountain

LeifTapanila, Pocatello, ID
South-Central

Vacant
Southeastern

Anthony Martin, Atlanta, GA

https://doi.org/10.1017/S1089332600002631 Published online by Cambridge University Press

https://doi.org/10.1017/S1089332600002631


THE PALEONTOLOGICAL SOCIETY PAPERS, VOL. 18

https://doi.org/10.1017/S1089332600002631 Published online by Cambridge University Press

https://doi.org/10.1017/S1089332600002631


HAGIT P.AFFEK
Department ofGeology & Geophysics
Yale University, P.O. Box 208109
New Haven, CT 06520 USA
hagit.affek@yale.edu

CONTRIBUTORS

BENJAMIN H. PASSEY
Department ofEarth and Planetary Sciences
Johns Hopkins University
3400 N. Charles St.
Baltimore, MD, 21218 USA
bhpassey@jhu.edu

ETHAN L. GROSSMAN
Department ofGeology and Geophysics
Texas A&M University
College Station, TX 77843-3115 USA
e-grossman@tamu.edu

BARBEL HONISCH
Department of Earth and Environmental Sciences
Lamont-Doherty Earth Observatory
of Columbia University
Palisades, NY 10964 USA
hoenisch@ldeo.columbia.edu

MATTHEW HUBER
Earth, Atmospheric and Planetary Sciences
Purdue University
550 Stadium Mall Drive
West Lafayette, IN 47907 USA
huberm@purdue.edu

LINDA C. IVANY
Department of Earth Sciences
Syracuse University
Syracuse, NY 13244 USA
lcivany@syr.edu

TIM K. LOWENSTEIN
Department ofGeological Sciences and
Environmental Studies
Binghamton University
Binghamton, NY 13902 USA
lowenst@binghamton.edu

KENNETH G. MACLEOD
Department ofGeological Sciences
University ofMissouri
Columbia, MO 65211 USA
MacLeodK@missouri.edu

PAUL N. PEARSON
School ofEarth and Ocean Sciences
Main Building
CardiffUniversity
Park Place
Cardiff, CFI0 3AT,United Kingdom
pearsonp@cardiff.ac.uk

DANA L. ROYER
Department ofEarth and Environmental Sciences
Wesleyan University
Middletown, CT 06459 USA
droyer@wesleyan.edu

JESSICA E. TIERNEY
Woods Hole Oceanographic Institution
Woods Hole, MA USA 02543
tiemey@whoi.edu

https://doi.org/10.1017/S1089332600002631 Published online by Cambridge University Press

https://doi.org/10.1017/S1089332600002631


THE PALEONTOLOGICAL SOCIETY PAPERS, VOL. 18

https://doi.org/10.1017/S1089332600002631 Published online by Cambridge University Press

https://doi.org/10.1017/S1089332600002631


RECONSTRUCTING EARTH'S DEEP-TIME CLIMATE

The State of theArt in 2012
Table ofContents:

Preface viii

Oxygen Isotopes in Foraminifera: Overview and Historical Review
Paul N. Pearson 1

Applying Oxygen Isotope Paleothermometry in Deep Time
Ethan L. Grossman 39

Conodonts and the Paleoclimatological and Paleoecological Applications ofPhosphate (5180
Measurements

Kenneth G. MacLeod 69

The Use ofMg/Ca as a Seawater Temperature Proxy
Tim K. Lowenstein and Barbel Honisch 85

Clumped Isotope Paleothermometry: Principles, Applications, and Challenges
Hagit P Affek 101

GDGT Thermometry: Lipid Tools for Reconstructing Paleotemperatures
Jessica E. Tierney 115

Reconstructing Paleoseasonality from Accretionary Skeletal Carbonates-Challenges and Opportunities
Linda c. Ivany 133

Reconstructing Terrestrial Environments Using Stable Isotopes in Fossil Teeth and Paleosol Carbonates
Benjamin H Passey 167

Climate Reconstruction from Leaf Size and Shape: New Developments and Challenges
Dana L. Royer. 195

Progress in Greenhouse Climate Modeling
Matthew Huber. 213

https://doi.org/10.1017/S1089332600002631 Published online by Cambridge University Press

https://doi.org/10.1017/S1089332600002631


THE PALEONTOLOGICAL SOCIETY PAPERS, VOL. 18

https://doi.org/10.1017/S1089332600002631 Published online by Cambridge University Press

https://doi.org/10.1017/S1089332600002631



