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Geoecology of the Marias River 
Canyon, Montana, USA: Landscape 
Influence on Human Use and 
Preservation of Late Holocene 
Archaeological and Vertebrate 
Remains

By James G. Schmitt, John W. Fisher, Jr.,  
Michael P. Neeley, David F. Pac, 
Frankie D. Jackson, Scott J. Patterson,  
Jennifer L. Aschoff, and Stuart Challender

The Marias River canyon in north-central 
Montana served during late Holocene time 
as a locus of human activity in an ecologi-
cally and geologically dynamic landscape. 
This volume presents the results of inter-
disciplinary research, synergistically 
combining geologic, ecologic, and archae-
ologic approaches focused on examining 
the ways that Late Precontact peoples 
depended upon the animal (bison) and plant 
resources of a changing landscape sub-
ject to erosion and sediment transport as 
dominant surficial processes. Connections 
between erosion and deposition, plant com-
munity distribution, large mammal niches, 
and native peoples’ place in the Marias 
River canyon geoecosystem, as well as the 
role of tributary-junction alluvial fans as 
repositories of archaeological materials and 
vertebrate faunal remains are emphasized.

SPE528, 53 p., ISBN 9780813725284
| IN PRESS |

Unconventional: The Development 
of Natural Gas from the Marcellus 
Shale

By Daniel J. Soeder

New technology has opened vast reserves 
of “unconventional” natural gas and oil 
from shales like the Marcellus in the Appa-
lachian Basin, making the United States 
essentially energy independent for the first 
time in decades. Shale gas had its origins in 
the oil embargos and energy crises of the 
1970s, which led to government research to 
increase domestic energy supplies. The first 
large-scale shale gas production was suc-
cessful on the Barnett Shale in Texas in the 
late 1990s, followed a few years later by the 
Marcellus Shale in Pennsylvania. Shale gas 
has changed thinking about fossil energy 
supplies worldwide, but the development 
of these resources has been controversial. 
Activists have made claims that hydraulic 
fracturing may contribute to climate change, 
threaten groundwater resources, and pose 
risks to terrestrial and aquatic ecosystems, 
and human health. This volume explores the 
geology, history, technology, and potential 
environmental impacts of Marcellus Shale 
gas resources.

SPE527, 143 p., ISBN 9780813725277
| IN PRESS |

The Crust-Mantle and Lithosphere-
Asthenosphere Boundaries: Insights 
from Xenoliths, Orogenic Deep 
Sections, and Geophysical Studies

Edited by Gianluca Bianchini, 
Jean-Louis Bodinier, Roberto Braga, 
and Marjorie Wilson

This 10-chapter volume encompasses 
contributions from a wide spectrum of 
Earth science disciplines, including geo-
physics, geodynamics, geochemistry, and 
petrology, to provide an overview of the 
nature and evolution of the crust-mantle 
and lithosphere-asthenosphere boundar-
ies in different tectonic settings, combining 
studies that exploit different types of data 
and interpretative approaches. The inte-
gration of geochemical, geophysical, and 
geodynamic data sets and their interpreta-
tion provides a state-of-the-art summary of 
current understanding, and will serve as a 
blueprint for future research activities.

SPE526, 10 chapters, ISBN 9780813725260
| IN PRESS |

Find chapters online ahead of print at: 
http://specialpapers.gsapubs.org 

/online-first/526

Tectonic Evolution, Collision, and 
Seismicity of Southwest Asia: In 
Honor of Manuel Berberian’s Forty-
Five Years of Research Contributions

Edited by Rasoul Sorkhabi

Southwest Asia is one of the most remark-
able regions on Earth in terms of active 
faulting and folding, large-magnitude earth-
quakes, volcanic landscapes, petroliferous 
foreland basins, historical civilizations, and 
geologic outcrops that display the protracted 
and complex 540 m.y. stratigraphic record 
of Earth’s Phanerozoic Era. Emerged from 
the birth and demise of the Paleo-Tethys 
and Neo-Tethys oceans, southwest Asia is 
currently the locus of ongoing tectonic colli-
sion between the Eurasia-Arabia continental 
plates. The region is characterized by the 
high plateaus of Iran and Anatolia fringed by 
the lofty ranges of Zagros, Alborz, Caucasus, 
Taurus, and Pontic mountains; the region 
also includes the strategic marine domains 
of the Persian Gulf, Gulf of Oman, Caspian, 
and Mediterranean. This 19-chapter volume, 
published in honor of Manuel Berberian, a 
preeminent geologist from the region, brings 
together a wealth of new data, analyses, and 
frontier research on the geologic evolution, 
collisional tectonics, active deformation, 
and historical and modern seismicity of key 
areas in southwest Asia.

SPE525, 19 chapters, ISBN 9780813725253
| IN PRESS |

The Web of Geological Sciences: 
Advances, Impacts, and 
Interactions II

Edited by Marion E. Bickford

This book is a follow-up to Special Paper 
500: The Web of Geological Sciences: 
Advances, Impacts, and Interactions, which 
was prepared to celebrate the 125th anni-
versary of the founding of GSA, and whose 
theme was “What have we learned in the 
last fifty years?” Three important disciplines 
that were not covered in the first book 
are engagingly presented here:  “Earth’s 
dynamic surface: The past 50 years in 
geomorphology” by Ellen Wohl et al.; “The 
metamorphosis of metamorphic petrology” 
by Frank Spear et al.; and “The Archean: 
Fifty years of searching for the origin of 
everything” by Paul Mueller and Allen 
Nutman.  Readers will find these chap-
ters comprehensive and readable. They 
will appeal to professional scientists and 
especially to teachers. 

SPE523, 3 chapters, ISBN 9780813725239 
| IN PRESS |

The Stratigraphic Record of Gubbio: 
Integrated Stratigraphy of the Late 
Cretaceous–Paleogene Umbria-
Marche Pelagic Basin

Edited by Marco Menichetti, Rodolfo 
Coccioni, and Alessandro Montanari, 2016

Since the beginning of the last century, the 
lower Jurassic to mid-Miocene pelagic 
succession exposed along the valleys of the 
Umbria and Marche Apennines of Italy rep-
resented a fertile playground for generations 
of earth scientists. This volume provides a 
reappraisal of the geological and integrated 
stratigraphic research, which was carried 
out by scores of earth scientists in the gorges 
around the medieval city of Gubbio over the 
past fifty years. Following review chapters 
about pioneering sedimentologic, biostrati-
graphic, and magnetostratigraphic studies 
of the Gubbio sections, a series of papers 
presents new, original data addressing 
different stratigraphical, paleoenvironmen-
tal, and structural geological aspects of 
particular Cretaceous to Paleogene inter-
vals, including the still much-debated K-Pg 
Boundary Event in the world-famous site of 
the Bottaccione Gorge, where the Alvarez 
theory of global mass extinction caused by 
a catastrophic extraterrestrial impact was 
born in 1980.

SPE524, 175 p., ISBN 9780813725246 
| $60.00 |  member price $42.00 |

“An excellent objective explanation 
of the history, science, technology, 
politics, environmental concerns, and 
economics of the shale gas boom. The 
author clearly has great practical expe-
rience of the science and technology 
of shale gas development and shows 
a deep understanding of the environ-
mental and economic issues.”

— Andrew Stone, Executive Director, 
American Ground Water Trust
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Geothermal Energy: An Important 
Resource

Edited by Carolyn B. Dowling, 
Klaus Neumann, and Lee Florea, 2016

Geothermal energy is an important natu-
ral and renewable resource. This Special 
Paper is a compilation of current and timely 
investigations of the complementary tracks 
of geothermal energy—low-temperature 
ground-source geothermal and high-tem-
perature hydrothermal systems. Included 
among these contributions are studies on 
the feasibility and viability of integrating 
geological modeling with system design, 
unconventional extraction of low-tempera-
ture geothermal energy in underground coal 
mines, district-wide ground-source heat 
pump systems, models that couple heat 
transfer with groundwater flow and/or 
stratigraphy, and enhanced geothermal sys-
tems. This volume will be of distinct interest 
to the geologic community, civil engineers, 
urban planners, and those interested in 
environmental sustainability. 

SPE519, 136 p., ISBN 9780813725192 
|  $60.00 |  member price $42.00 |

Geoscience for the Public Good 
and Global Development: Toward a 
Sustainable Future

Edited by Gregory R. Wessel and 
Jeffrey K. Greenberg, 2016

This volume offers an overview of the appli-
cations of the geosciences to sustainable 
development and geophilanthropic efforts 
worldwide, and offers advice to guide the 
creation of development projects. The pri-
macy of geologic input to all development 
activities is highlighted along with problems 
that are encountered and environmental 
issues that must be addressed. General 
principles to follow are discussed, includ-
ing guidelines for creating sustainable 
solutions, building foundations for effective 
international development, the importance 
of ethical and social values, the motivation 
behind sustainable development, and how 
geoscientists can best become develop-
ment practitioners.

SPE520, 478 p., ISBN 9780813725208 
| $79.00 |  member price $55.00 |

Tracks, Trails, and Thieves: 
The Adventures, Discoveries, 
and Historical Significance 
of Ferdinand V. Hayden’s 1868 
Geological Survey of Wyoming 
and Adjacent Territories

By Jack E. Deibert and 
Brent H. Breithaupt, 2016

Ride the trails and rails across the Wild 
West with Ferdinand Hayden through this 
first-ever detailed recounting of the first 
government-sponsored geological survey 
of the Wyoming and adjacent territories in 
1868. The discovery of new archival material 
has helped bring the day-to-day adventures 
of this unique survey to life. Events of the 
survey are intertwined with one of the most 
noteworthy events in U.S. history—the 
building of the transcontinental railroad. 
Activities of the railroad led Hayden to have 
serendipitous and influential encounters 
with famous Civil War generals, railroad 
executives, politicians, photographers, 
prominent geologists, and thieves. The 
results of Hayden’s survey provided the 
earliest descriptive stratigraphic-struc-
tural profile across the Rocky Mountains 
and the initial discovery of dinosaur tracks 
in western North America. Featuring more 
than 50 vintage photographs, this volume 
will appeal to a general audience as well 
as those interested in the history of geology. 

SPE521, 85 p. + index, ISBN 9780813725215 
| $40.00 |  member price $28.00 |

Belt Basin: Window to 
Mesoproterozoic Earth

Edited by John S. MacLean and 
James W. Sears, 2016

With its thickness of more than 15 km of 
strata, covering some 200,000 km2, the Belt 
Basin displays one of the planet’s larg-
est, best-exposed, most accessible, and 
best-preserved sequences of Mesopro-
terozoic sedimentary and igneous rocks. 
This volume focuses on research into this 
world-class province; kindles ideas about 
this critical era of Earth evolution; and 
covers aspects of the basin from its pale-
ontology, mineralogy, sedimentology, and 
stratigraphy to its magmatism, ore deposits, 
geophysics, and structural geology.

SPE522, 384 p., ISBN 9780813725222
| $80.00 |  member price $56.00 |

Rite in the Rain 
Rite in the Rain notebooks contain all-weather writing paper that sheds water, enabling you 
to write in any weather using a pencil or an all-weather pen. Our paper is totally recyclable.

Rite-in-the-Rain Products
Product 

Code Price
Shirt Pocket Spiral Notebook, 3" × 5" RITR135 US $ 3.95
Side Spiral Metric Notebook, 45⁄8" × 7" RITR363 US $ 6.95
Geology Field Bound Book, 43⁄4" × 71⁄2" RITR540F US $ 21.95
Field Book Pouch for 540F Book RITRC540F US $ 28.25
Black Field-Flex Memo Book, 31⁄2" × 5" RITR754 US $ 5.45

In the Field
Pocket-Sized Sand Grain Sizing Folder
This pocket-sized folder consists of a sphericity/roundness 
measuring chart; printed examples of well-sorted and poorly 
sorted grain samples in the fine, medium, and coarse ranges; 
four actual grain samples illustrating angular, sub-angular, 
subrounded, and rounded shapes; and six grain size samples 
(silt, very fine sand, fine sand, medium sand, coarse sand, and 
very coarse sand). Measurement limits for granules, pebbles, 
cobbles, and boulders are indicated.

GRN001, single copy |  $7.50 |  member price $5.95 |

GSA Photo Scale / Time Scale 
This versatile field tool combines GSA’s popular photo scale 
and time scale. On one side is our Author’s Photo Scale, cal-
ibrated boldly in centimeters (10) and inches (4). Includes a 
GSA seal for fine focus and an evaluation scale for granular 
material from 1 to 5 millimeters diameter. The reverse side 
includes the complete Geologic Time Scale. Sturdy 20-mil × 
2.5" × 6.5" tan vinyl printed in blue.

PTS002, pack of 10  |  $9.00 |  member price $7.50 |
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v. 4.0

Wallet-Size Geologic Time Scale
Great for handouts or as a portable reference.

CTS003, pack of 25 |  $7.00 |  member price $5.00 |

Geology Terms in English and Spanish  /    
Terminología Geológica en Español e Inglés

By Henry Aurand, 2000

Sunbelt Pocket Guide, published by Sunbelt Publications.

OPB010, 118 p., 3 5⁄8" × 5" softcover, perfect bound, 
ISBN 9780932653291  |  $9.95 |
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Forts, Floods, and Periglacial 
Features: Exploring the Pittsburgh 
Low Plateau and Upper 
Youghiogheny Basin

Edited by Joseph T. Hannibal and Kyle 
C. Fredrick

This guidebook provides detailed itiner-
aries of three of the geological field trips 
related to the 2017 joint meeting of the GSA 
Northeastern and North-Central Sections 
in Pittsburgh. The first chapter outlines a 
walking trip of downtown Pittsburgh and 
the escarpment to its south, consisting of 
seven “Pitt stops” investigating geological, 
archaeological, and historical aspects of 
the Gateway to the West. Venturing further 
afield, the second chapter describes a trip 
that explores periglacial features as far 
as the Upper Youghiogheny River basin in 
Maryland and the Laurel Highlands of Penn-
sylvania. The third chapter investigates 
hydrologic aspects of the 1889 Johnstown, 
Pennsylvania, flood, largely following the 
progress of the flood from its point of origin 
to the city of Johnstown. 

FLD046, 63 p., ISBN 9780813700467
| IN PRESS |

From the Blue Ridge to the Beach: 
Geological Field Excursions across 
Virginia

Edited by Christopher M. Bailey and 
Shelley Jaye

This volume includes seven field guides that 
explore the diverse geology of Virginia from 
its Appalachian highlands to the Atlantic 
shore. The guides cover an array of topics 
ranging from cave and karst development in 
the Valley and Ridge to the exceptional fossil 
localities at the Carmel Church quarry and 
the cliffs near Stratford Hall to Precambrian 
rocks in the Blue Ridge Mountains. Three 
guides focus on the Paleozoic to Protero-
zoic tectonic history of the Blue Ridge and 
Piedmont provinces, two guides discuss the 
stratigraphy and fossil assemblages pre-
served in Cenozoic deposits on the Atlantic 
Coastal Plain, one guide examines Paleozoic 
stratigraphy and cave formation in western 
Virginia, and the final guide explores the 
relationship between the geology of the Fall 
Zone and the Civil War during the Peters-
burg Campaign in 1864–1865.

FLD047, 174 p., ISBN 9780813700472
| IN PRESS |

Gold, Structures, and Landforms 
in Central South Carolina—
Field Guides for the 2016 GSA 
Southeastern Section Meeting, 
Columbia, South Carolina

Edited by William R. Doar III, 2016

First, this volume explores the Haile gold 
mine, which is located in southern Lancaster 
County, South Carolina. Gold was discovered 
at the site in 1827, and the mine is located 
between the past producing Ridgeway and 
Brewer mines that, when all are combined, 
constitute a significant amount of historical 
gold production in the southeastern United 
States. The second guide focuses on the 
geology and geomorphology of the Caro-
lina Sandhills in Chesterfield County, South 
Carolina, an area in the updip portion of the 
U.S. Atlantic Coastal Plain province. The 
third guide provides a structural analysis 
of the Kiokee belt and its framing elements: 
Savannah River transect.

FLD042, 51 p., ISBN 9780813700427
| $20.00 |  member price $14.00 |

Geology of the Baraboo, Wisconsin, 
Area: Geological Society of America 
Field Guide

Edited by Richard A. Davis Jr., Robert H. 
Dott Jr., and Ian W.D. Dalziel, 2016

With its wide variety of geological features 
and phenomena packed into a small area, 
the Baraboo of south-central Wisconsin is 
among the most visited parts of the Mid-
west by geology students. This guidebook, 
the first comprehensive look at the area in 
decades, covers the spectrum of geological 
features present in the area, and it is useful 
as a teaching tool. An exceptional outdoor 
classroom, the Baraboo area contains a 
spectrum of geology, including excellent 
examples of geomorphology, glacial geology, 
structural geology, petrology, stratigraphy, 
and sedimentology. Ages of the strata range 
from 1.7-billion-year-old Precambrian to the 
Quaternary. The area has been studied for 
about a century, but it still holds surprises 
for professionals and students alike.

FLD043, 81 p., ISBN 9780813700434 
| $40.00 |  member price $28.00 |

Exploring the Geology of the Inland 
Northwest

Edited by Reed S. Lewis and Keegan L. 
Schmidt, 2016

Prepared in conjunction with the 2016 
GSA Rocky Mountain Section Meeting, 
this well-illustrated volume offers guides 
to the lavas of the Columbia River basalts, 
megaflood landscapes of the Channeled 
Scabland, Mesozoic accreted terranes, 
metamorphic Precambrian Belt and pre-
Belt rocks, and other features of this 
tectonically active region.

FLD041, 284 p., ISBN 9780813700410 
| $60.00 |  member price $42.00 |

The Geoscience Handbook 2016: AGI Data Sheets, 5th Edition

Edited and compiled by Mark B. Carpenter and Christopher M. Keane  
Graphics by Kat Cantne

Featuring the contributions of over 240 experts worldwide in their 
respective fields, this new, expanded edition has more than 470 

full-color pages. Three years of work went into the Handbook 
to broaden its scope across the disciplines. With more than 
170 complete new data sheets, and full revisions of prior data 
sheets, over 85% of the content is either new or revised. 
The Geoscience Handbook is the quick reference tool for 

key metrics and concepts, a guide to cornerstone papers and 
recent developments, as well as short tutorials on relevant topics. 
Published by the American Geosciences Institute.

 DATASHEETS, 478 p., 5"× 8" spiral bound, ISBN 9780913312476  
| $59.99 |  GSA member price $49.99 |

Unfolding the Geology of the West

Edited by Stephen M. Keller and 
Matthew L. Morgan

Prepared in conjunction with the 2016 GSA 
Annual Meeting in Denver, Colorado, this 
volume contains sixteen guides to field 
trips in this rich geologic region. The four 

“Great Surveys” of the late 1800s ventured 
west to explore and document the region’s 
unknown natural resources and collect 
valuable geologic information. Many of 
the field guides in this volume, aptly titled 
Unfolding the Geology of the West, will 
cover the same hallowed ground as the 
early geologic expeditions. Organized into 
four sections, this volume spans some 
of the major subdisciplines of geology: 
(1) stratigraphy, sedimentology, and pale-
ontology; (2) structure and metamorphism; 
(3) Quaternary landscape evolution; and 
(4) engineering and environmental geology.

FLD044, 419 p., ISBN 9780813700441 

| $42.00 |  member price $30.00 |

Buy the Science  
You Need and Want 

with GSA’s 
Bloc of Docs

You can use GSA’s  
Bloc of Docs subscription to 
purchase individual chapters 
from GSA’s e-book collection. 

Choose chapters from GSA 
Special Papers, Memoirs, 

Field Guides, and Reviews in 
Engineering Geology  

in quantities of 7 or 15.

www.gsapubs.org
Institutional e-book subscriptions  
are available for libraries; e-mail 
pubs@geosociety.org for details.

Also of Interest

FLD037: Exploring the Northern Rocky 
Mountains

FLD033: Classic Concepts and New 
Directions: Exploring 125 Years 
of GSA Discoveries in the Rocky 
Mountain Region

FLD018: Through the Generations: 
Geologic and Anthropogenic Field 
Excursions in the Rocky Mountains 
from Modern to Ancient

Related Books

Related Books

FLD036: Geologic Field Trips along the 
Boundary between the Central 
Lowlands and Great Plains: 2014 
Meeting of the GSA North-Central 
Section

FLD027: On and around the Cincinnati 
Arch and Niagara Escarpment: 
Geological Field Trips in Ohio 
and Kentucky for the GSA North-
Central Section Meeting, Dayton, 
Ohio, 2012

More at the Store

You May Also Like

FLD042: Gold, Structures, and Landforms in 
Central South Carolina

SPE509: The 2011 Mineral, Virginia, 
Earthquake, and Its Significance 
for Seismic Hazards in Eastern 
North America

FLD035: Elevating Geoscience in the 
Southeastern United States: 
New Ideas about Old Terranes

FLD029: From the Blue Ridge to the Coastal 
Plain: Field Excursions in the 
Southeastern United States

Related Books

Shop Online }  rock.geosociety.org/store
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Basic Geological Mapping, 
5th Edition 

By Richard J. Lisle, Peter Brabham, 
and John W. Barnes, 2011

MAPPING, 230 p.,  4 1⁄2" × 7" softcover, 
ISBN 9780470686348 

|  $50.00 |  member price $45.00 |

Sedimentary Rocks in the Field: 
A Practical Guide, 4th Edition

By Maurice E. Tucker, 2011

SEDROCK, 288 p., 4 ½" × 7" softcover, 
ISBN 9780470689165 

|  $67.00 |  member price $62.00 |

The Field Description of Igneous 
Rocks, 2nd Edition 

By Dougal Jerram and Nick Petford, 
2011

ROCKS, 256 p.,  4 1⁄2" × 7" softcover, 
ISBN 9780470022368 

|  $49.00 |  member price $44.00 |

Field Geophysics, 4th Edition
By John J. Milsom and 

Asger Eriksen, 2011

GEOPHYS, 304 p., 4 1⁄2" × 7" softcover, 
ISBN 9780470749845 

|  $48.00 |  member price $43.00 |

Field Guides

Tripping from the Fall Line: Field 
Excursions for the GSA Annual Meeting, 
Baltimore, 2015
Edited by David K. Brezinski, Jeffrey P. Halka, 
and Richard A. Ortt Jr., 2015
FLD040, 578 p., ISBN 9780813700403 
original list $70.00 |  $45.00 |  
member price $35.00

Diverse Excursions in the Southeast: 
Paleozoic to Present
Edited by Ann E. Holmes, 2015
FLD039, 266 p., ISBN 9780813700397 
original list $80.00 |  $50.00 |  
member price $40.00

Trials and Tribulations of Life on an Active 
Subduction Zone: Field Trips in and around 
Vancouver, Canada
Edited by Shahin Dashtgard and Brent Ward, 2014

FLD038, 226 p., ISBN 9780813700380  
original list $60.00 |  now $20.00

Exploring the Northern Rocky Mountains
Edited by Colin A. Shaw and Basil Tikoff, 2014
FLD037, 203 p., ISBN 9780813700373 
original list $60.00 |  now $20.00

Geologic Field Trips along the Boundary 
between the Central Lowlands and 
Great Plains: 2014 Meeting of the GSA 
North-Central Section 
Edited by Jesse T. Korus, 2014
FLD036, 63 p., ISBN 9780813700366  
original list $45.00 |  $30.00 |  
member price $20.00

Special Papers

Recollections of a Petrologist
By Joseph Paxson Iddings;  
Edited by Davis A. Young, 2015
SPE512, 208 p. plus index, ISBN 9780813725123 
original list $80.00 |  now $25.00

Coastline and Dune Evolution along the 
Great Lakes
Edited by Timothy G. Fisher and Edward C. 
Hansen, 2014
SPE508, 228 p., ISBN 9780813725086 
original list $66.00 |  now $25.00

Toward an Improved Understanding of 
Uplift Mechanisms and the Elevation 
History of the Tibetan Plateau
Edited by Junsheng Nie, Brian K. Horton, and 
Gregory D. Hoke, 2014
SPE507, 154 p., ISBN 9780813725079 |  
original list $55.00 |  now $25.00

Reconstruction of a Late Proterozoic to 
Devonian Continental Margin Sequence, 
Northern Alaska, Its Paleogeographic 
Significance, and Contained Base-Metal 
Sulfide Deposits
Edited by Julie A. Dumoulin and Alison B. Till, 
2014
SPE506, 258 p., ISBN 9780813725062 
original list $80.00 |  now $30.00

Volcanism, Impacts, and Mass Extinctions: 
Causes and Effects
Edited by Gerta Keller and Andrew C. Kerr, 2014
SPE505, 455 p., ISBN 9780813725055 
original list $99.00 |  now $40.00

Earth’s Early Atmosphere and Surface 
Environment
Edited by George H. Shaw, 2014
SPE504, 203 p., ISBN 9780813725048 
original list $46.00 |  now $20.00

Through the End of the Cretaceous in the 
Type Locality of the Hell Creek Formation in 
Montana and Adjacent Areas
Edited by Gregory P. Wilson, William A. Clemens, 
John R. Horner, and Joseph H. Hartman, 2014
SPE503, 390 p., ISBN 9780813725031 
original list $95.00 |  now $40.00

Rethinking the Fabric of Geology
Edited by Victor R. Baker, 2013
SPE502, 182 p., ISBN 9780813725024 
original list $50.00 |  now $15.00

The Impact of the Geological Sciences on 
Society
Edited by Marion E. Bickford, 2013
SPE501, 201 p., ISBN 9780813725017 
original list $50.00 |  now $15.00

The Web of Geological Sciences: Advances, 
Impacts, and Interactions
Edited by Marion E. Bickford, 2013
SPE500, 611 p., ISBN 9780813725000 
original list $80.00 |  now $15.00

Neogene Deformation between Central Utah 
and the Mojave Desert
Edited by R. Ernest Anderson, 2013
SPE499, 94 p., ISBN 9780813724997 
original list $50.00 |  now $15.00

Understanding Open-Vent Volcanism and 
Related Hazards 
Edited by William I. Rose, Jose Luis Palma, 
Hugo Delgado Granados, and Nick Varley, 2013
SPE498, 230 p., ISBN 9780813724980 
original list $80.00 |  now $15.00

The Columbia River Flood Basalt Province
Edited by Stephen P. Reidel, Victor E. Camp, 
Martin E. Ross, John A. Wolff, Barton S. Martin, 
Terry L. Tolan, and Ray E. Wells, 2013
SPE497, 440 p. plus plate, ISBN 9780813724973 
original list $95.00 |  now $40.00

The Volcanic Geology of the Mid-Arc Island 
of Dominica, Lesser Antilles—The Surface 
Expression of an Island-Arc Batholith 
By A.L. Smith, M.J. Roobol, G.S. Mattioli, 
J.E. Fryxell, G.E. Daly, and L.A. Fernandez, 2013
SPE496, 249 p., ISBN 9780813724966 |  
original list $70.00 |  now $15.00

Mesozoic Assembly of the North American 
Cordillera 
By Robert S. Hildebrand, 2013
SPE495, 169 p. plus plate, ISBN 9780813724959 
original list $75.00 |  now $15.00

New Perspectives on Rio Grande Rift Basins: 
From Tectonics to Groundwater
Edited by Mark R. Hudson and V.J.S. (Tien) Grauch, 
2013
SPE494, 500 p. plus CD‑ROM, ISBN 9780813724942 
original list $80.00 |  now $15.00

Recent Advances in North American 
Paleoseismology and Neotectonics  
East of the Rockies 
Edited by Randel Tom Cox, Martitia P. Tuttle, 
Oliver S. Boyd, and Jacques Locat, 2012
SPE493, 275 p. plus insert, ISBN 9780813724935 
original list $60.00 |  now $15.00

Geology and Geomorphology of Barbados: A 
Companion Text to Maps with Accompanying 
Cross Sections, Scale 1:10,000
By Robert C. Speed;  
Edited by Christine Speed and Richard Sedlock, 2012
SPE491, 63 p. plus CD‑ROM, ISBN 9780813724911 
original list $50.00 |  now $15.00

Mima Mounds: The Case for Polygenesis and 
Bioturbation 
Edited by Jennifer L. Horwath Burnham and 
Donald L. Johnson, 2012
SPE490, 205 p., ISBN 9780813724904 
original list $80.00 |  now $10.00

Impossible Journey: The Story of the Victoria 
Land Traverse 1959–1960, Antarctica
By John G. Weihaupt, Alfred W. Stuart, Frans G. 
Van der Hoeven, Claude Lorius, and William M. 
Smith, 2012
SPE488, 136 p. plus index, ISBN 9780813724881 
original list $45.00 |  now $10.00

Mineralogical and Geochemical Approaches 
to Provenance
Edited by E. Troy Rasbury, Sidney R. Hemming, 
and Nancy R. Riggs, 2012
SPE487, 194 p., ISBN 9780813724874 
original list $75.00 |  now $10.00

Earth and Mind II: A Synthesis of Research on 
Thinking and Learning in the Geosciences
Edited by Kim A. Kastens and Cathryn A. Manduca, 
2012
SPE486, 210 p., ISBN 9780813724867 
original list $75.00 |  now $10.00

On the Strata of the Earth:  
A Translation of О Слояхъ Земныхъ
By Mikhail Vasil’evich Lomonosov;  
Translated by Stephen M. Rowland and 
Slava Korolev, 2012
SPE485, 41 p., ISBN 9780813724850 
original list $40.00 |  now $10.00

The 2 ka Eruption of Misti Volcano, Southern 
Peru—The Most Recent Plinian Eruption of 
Arequipa’s Iconic Volcano
By Christopher J. Harpel, Shanaka de Silva, and 
Guido Salas, 2011
SPE484, 72 p., ISBN 9780813724843 
original list $40.00 |  now $10.00

Analogs for Planetary Exploration
Edited by W. Brent Garry and Jacob E. Bleacher, 2011
SPE483, 567 p. plus CD‑ROM, ISBN 9780813724836 
original list $100.00 |  now $10.00

Societal Challenges and Geoinformatics
Edited by A. Krishna Sinha, David Arctur, 
Ian Jackson, and Linda Gundersen, 2011
SPE482, 191 p., ISBN 9780813724829 
original list $90.00 |  now $10.00

A new geological map of the Island of Syros 
(Aegean Sea, Greece): Implications for 
lithostratigraphy and structural history of 
the Cycladic Blueschist Unit
By Mark Keiter, Chris Ballhaus, and 
Frank Tomaschek, 2011
SPE481, 43 p. plus CD‑ROM, ISBN 9780813724812 
original list $40.00 |  now $10.00

Mélanges: Processes of Formation and 
Societal Significance
Edited by John Wakabayashi and Yildirim Dilek, 
2011
SPE480, 277 p., ISBN 9780813724805 
original list $90.00 |  now $10.00

Geological Criteria for Evaluating Seismicity 
Revisited: Forty Years of Paleoseismic 
Investigations and the Natural Record of 
Past Earthquakes
Edited by Franck A. Audemard M., Alessandro 
Maria Michetti, and James P. McCalpin, 2011
SPE479, 204 p., ISBN 9780813724799 
original list $80.00 |  now $10.00

Volcanism and Evolution of the African 
Lithosphere
Edited by Luigi Beccaluva, Gianluca Bianchini, 
and Marjorie Wilson, 2011
SPE478, 331 p., ISBN 9780813724782 
original list $95.00 |  now $10.00

Recent Advances and Current Research Issues 
in Lunar Stratigraphy
Edited by William A. Ambrose and David A. 
Williams, 2011
SPE477, 159 p., ISBN 9780813724775 
original list $50.00 |  now $10.00

Geoarchaeology, Climate Change, 
and Sustainability
Edited by Antony G. Brown, Laura S. Basell, 
and Karl W. Butzer, 2011
SPE476, 194 p., ISBN 9780813724768 
original list $80.00 |  now $10.00

High Geologic Slip Rates since Early 
Pleistocene Initiation of the San Jacinto and 
San Felipe Fault Zones in the San Andreas 
Fault System, Southern California, USA
By Susanne U. Janecke, Rebecca J. Dorsey, 
David Forand, Alexander N. Steely, Stefan M. Kirby, 
Andrew T. Lutz, Bernard A. Housen, Benjamin 
Belgarde, Victoria E. Langenheim, and Tammy M. 
Rittenour, 2010
SPE475, 48 p., ISBN 9780813724751 
original list $40.00 |  now $10.00

Qualitative Inquiry in Geoscience Education 
Research
Edited by Anthony D. Feig and Alison Stokes, 2011
SPE474, 211 p., ISBN 9780813724744 
original list $60.00 |  now $10.00

Geology and Geoarchaeology of the Black Sea 
Region: Beyond the Flood Hypothesis
Edited by Ilya V. Buynevich, Valentina Yanko‑
Hombach, Allan S. Gilbert, and Ronald E. Martin, 
2011
SPE473, 196 p., ISBN 9780813724737 
original list $80.00 |  now $10.00

Memoirs

Geodynamics of a Cordilleran Orogenic 
System: The Central Andes of Argentina and 
Northern Chile
Edited by Peter G. DeCelles, Mihai N. Ducea, 
Barbara Carrapa, and Paul A. Kapp, 2015
MWR212, 490 p., ISBN 9780813712123 
original list $90.00 |  now $30.00

Peninsular Ranges Batholith, Baja California 
and Southern California
Edited by Douglas M. Morton and Fred K. Miller, 
2014
MWR211, 758 p. plus CD‑ROM, 
ISBN 9780813712116 
original list $142.00 |  now $30.00

Tectonics of the Southeastern Tibetan Plateau 
and Its Adjacent Foreland
By B.C. Burchfiel and Chen Zhiliang, 2013
MWR210, 231 p. plus DVD, ISBN 9780813712109 
original list $80.00 |  now $20.00

Hydrology and Geochemistry of Yucca 
Mountain and Vicinity, Southern Nevada 
and California
Edited by John S. Stuckless, 2012
MWR209, 393 p., ISBN 9780813712093 
original list $60.00 |  now $20.00

Exploring the Earth’s Crust—History and 
Results of Controlled-Source Seismology
By Claus Prodehl and Walter D. Mooney, 2012
MWR208, 764 p. plus DVD, ISBN 9780813712086 
original list $160.00 |  now $20.00

Origin and Evolution of Precambrian High-
Grade Gneiss Terranes, with Special Emphasis 
on the Limpopo Complex of Southern Africa
Edited by Dirk D. van Reenen, Jan D. Kramers, 
Stephen McCourt, and Leonid L. Perchuk, 2011
MWR207, 324 p., ISBN 9780813712079 
original list $99.00 |  now $20.00

Maps and Charts

*Product code: F—folded; R—rolled.

Geologic Map of the Southeast Face of 
El Capitan, Yosemite Valley, California
Compiled by Roger L. Putnam, Allen F. Glazner, 
Bryan S. Law, and Greg M. Stock, 2014
1 color plate (approx. 34" by 38")  
MCH106F |  original list $50.00 |  now $10.00 
MCH106R |  original list $55.00 |  now $10.00

Detailed Geologic Map of the Inner Piedmont 
and Carolina Superterrane at the Northeast 
End of the Pine Mountain Window, Georgia
Compiled by Matthew T. Huebner, Justin R. Rehrer, 
Robert D. Hatcher, Jr., and Andrew L. Wunderlich, 2014
1 color plate (approx. 41" × 74") plus 26 p. text 
MCH105F |  original list $60.00 |  now $10.00 
MCH105R |  original list $65.00 |  now $15.00

More sale items at the GSA Store.

Don't miss out on these fantastic deals!
Shop Online }  rock.geosociety.org/store
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18VVV ■■ Large Meteorite Impacts and Planetary Evolution V

Edited by Gordon R. Osinski and David A. Kring, 2015

Impact cratering is one of the most fundamental geological processes. On many planets, impact craters are the 
dominant geological landform. On Earth, erosion, plate tectonics, and volcanic resurfacing continually destroy the 
impact cratering record, but even here, the geological, biological, and environmental effects of impact cratering 
are apparent. Impact events are destructive and have been linked to at least one of the “big five” mass extinc-
tions over the past 540 Ma. Intriguingly, impact craters can also have beneficial effects. Many impact craters are 
associated with economic metalliferous ore deposits and hydrocarbon reservoirs. This Special Paper provides an 
up-to-date synthesis of impact cratering processes; the role of meteorite impacts in the origin of life, products, and 
effects; and the techniques used to study impact craters on Earth and other planetary bodies. This volume resulted 
from the Large Meteorite Impacts and Planetary Evolution V conference held in Sudbury, Canada, in August 2013. 
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Special Paper 517

By Forrest G. Poole and Charles A. Sandberg

Unusual Central Nevada 
Geologic Terranes

Produced by Late Devonian Antler Orogeny and Alamo Impact

Unusual Central Nevada Geologic Terranes

■■ Unusual Central Nevada Geologic Terranes Produced by Late Devonian Antler Orogeny 
and Alamo Impact

By Forrest G. Poole and Charles A. Sandberg, 2015

The product of nearly 25 years of research, this volume is an exposition of two areas (the Bisoni-McKay and 
the Warm Springs–Milk Spring) less than 25 km east of the Mississippian Roberts Mountains allochthon, 
each displaying a unique geologic terrane, previously undocumented in Nevada and perhaps in North Amer-
ica. Detailed geologic maps support the conclusions and hypotheses in the text. The authors identified and 
dated Paleozoic rock units by studying nearly 100 carbonate conodont samples and at least 50 collections 
of conodonts on siltstone bedding planes; they also redated Tertiary volcanic rocks and evaluated mineral 
and petroleum resources.

SPE517, 104 p. + 2 plates, ISBN 9780813725178 |  original list $55.00 |  $40.00 |  member price $28.00
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■■ Caves and Karst Across Time

Edited by Joshua M. Feinberg, Yongli Gao, and E. Calvin Alexander Jr., 2016

Understanding of cave and karst systems evolved dramatically since the creation of the Geological Society 
of America in 1888. Caves are now recognized as important geological features and karst as a distinctive and 
significant geologic system that covers about 20% of Earth’s land surface. Karst aquifers are the world’s most 
productive yet vulnerable groundwater systems, serving as the sole or primary water supply for about a bil-
lion people. Karst systems have evolved dynamically across time, reflecting changes in climate and regional 
tectonism, and the crustal scale hydrologic responses invoked by these processes. We are now aware of the 
complexity of groundwater flow within karst and epikarst systems, and are striving to link our understanding of 
such heterogeneous flow processes to contamination studies and hazard assessment. This volume highlights 
the changes in the study and application of cave and karst systems since GSA’s origin, while looking to the future.
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Edited by Daniel Larsen, Sven O. Egenhoff, and Neil S. Fishman

MUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKS
Paying Attention toPaying Attention toPaying Attention to

Special Paper 515Special Paper 515Special Paper 515

MUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKSMUDROCKS ■■ Paying Attention to Mudrocks: Priceless!

Edited by Daniel Larsen, Sven O. Egenhoff, and Neil S. Fishman, 2015

Siliciclastic mudrocks, often termed shales, represent more than two thirds of all sedimentary rocks on 
Earth, yet they are probably the least understood. This volume brings together current research of academic 
and industry importance that helps clarify key aspects of sedimentology, mineralogy, origin, and resource 
distribution in mudrocks.
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Edited by Gillian R. Foulger, Michele Lustrino, and Scott D. King

The Interdisciplinary Earth:  
A Volume in Honor of Don L. Anderson

Special Paper 514 Special Publication 71

Edited by G
.R. Foulger,  

M
. Lustrino, and S.D

. King
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■■ The Interdisciplinary Earth: A Volume in Honor of Don L. Anderson

Edited by Gillian R. Foulger, Michele Lustrino, and Scott D. King, 2015 
Copublished with the American Geophysical Union as AGU Special Publication 71

This volume is a memorial to Don L. Anderson, former director of the Seismological Laboratory of the Cali-
fornia Institute of Technology, recipient of the Crafoord Prize, the National Medal of Science, and numerous 
other awards. A geophysicist extraordinaire, he contributed much to our understanding of the structure and 
dynamics of the interior of Earth. This book, comprised largely of chapters written at Anderson’s invitation, 
reflects his interdisciplinary career. It includes papers on anisotropy, the seismic structure of the mantle, 
mantle convection, the statistics of melting anomalies, planetary geology, tectonics, the thermal budget of 
Earth, lithospheric structure, geochemistry, and flood basalts.

SPE514, 366 p., ISBN 9780813725147 |  original list $80.00 |  $60.00 |  member price $42.00
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Edited by Thomas H. Anderson, Alexei N. Didenko, Cari L. Johnson, 
Alexander I. Khanchuk, and James H. MacDonald Jr.

Late Jurassic Margin 
of Laurasia

A Record of Faulting  
Accommodating Plate Rotation

Special Paper 513
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■■ Late Jurassic Margin of Laurasia—A Record of Faulting Accommodating Plate Rotation

Edited by T.H. Anderson, A.N. Didenko, C.L. Johnson, A.I. Khanchuk, and J.H. MacDonald Jr., 2016

Fast-paced and complex extensional and contractional deformation, between 170 and 148 Ma, along the margin 
of Laurasia coincides with ocean-floor formation within basins, such as the central Atlantic, the Gulf of Mexico, 
and the southern Caspian Sea. Along the western margin of North America, numerous basins that formed in the 
Middle Jurassic and continued throughout the Late Jurassic are kinematically compatible with sinistral strike-
slip fault movement, suggesting a transtensional origin. Comparable basins are postulated to have developed in 
Russia, Mongolia, China, and Iran. Domains of contractional deformation, attributed to transpression, such as the 
Blue Mountains (Oregon, USA) and the Chersky collision belt (Siberia, Russia), interrupt the belt of Late Jurassic 
basins. The tectonic evolution that is characterized by linkages among faults and related structures along the 
margin of the Laurasian plate may be interpreted as recording plate rotation during the breakup of Pangea.

SPE513, 606 p. + plate + DVD, ISBN 9780813725130 |  original list $120.00 |  $80.00 |  member price $56.00
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Special Paper 511

■■ The Origin, Evolution, and Environmental Impact of Oceanic Large Igneous Provinces

Edited by Clive R. Neal, William W. Sager, Takashi Sano, and Elisabetta Erba, 2015

The origin, evolution, and environmental impact of large igneous provinces (LIPs) represent a topic of high 
scientific importance because the magmatism associated with these features cannot be directly related to 
plate tectonics, and because the eruption of flood basalts may have global environmental consequences. 
Oceanic LIPs are even more poorly understood due to their relative inaccessibility. This volume takes a multi-
disciplinary approach to understanding LIP origin, evolution, and environmental impact in ocean basins. Papers 
that focus on plate tectonic reconstructions, petrologic and geophysical investigations of various LIPs, and 
sedimentological and micropaleontological evidence of syn-LIP sediments are presented. Precious materials 
and data from dredging cruises and scientific ocean drilling expeditions have made this volume possible.

SPE511, 340 p., ISBN 9780813725116 |  original list $80.00 |  $60.00 |  member price $42.00
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By M.V. Mints, K.A. Dokukina, A.N. Konilov, I.B. Philippova, V.L. Zlobin, P.S. Babayants, E.A. Belousova, 
Y.I. Blokh, M.M. Bogina, W.A. Bush, P.A. Dokukin, T.V. Kaulina, L.M. Natapov, V.B. Piip, V.M. Stupak, 

A.K. Suleimanov, A.A. Trusov, K.V. Van, and N.G. Zamozhniaya

Early Precambrian History and 3D Models of Deep Crustal Structure

Special Paper 510

East European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European CratonEast European Craton

■■ East European Craton: Early Precambrian History and 3D Models of Deep Crustal Structure

By Michael V. Mints et al., 2015

The results of regional geological study and geophysical surveying, including interpretation of common midpoint 
seismic geotraverses, bear new information on 3D deep crustal structure and geological history of the early 
Precambrian East European craton. In addition, new geochemical, petrological, and geochronological data on 
the unique Mesoarchean–Neoarchean Belomorian eclogite province are presented. The authors conclude that 
regional granulite-gneiss belts are evidence for mantle plume activity. Oval intracontinental orogens (a new type 
of tectonic unit) were also formed under the influence of mantle plumes. The Archean tectonics of miniplates 
resembles the Phanerozoic plate tectonics more closely than the concept of Neoarchean–Paleoproterozoic 
supercontinents. Geological, tectonic, and petrophysical maps and seismic cross sections covering more than 
4000 km in total length, as well as their geological interpretations, are presented as appendices.

SPE510, 433 p. plus CD-ROM, ISBN 9780813725109 |  original list $85.00 |  $60.00 |  member price $42.00
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Earthquake, and Its 

Signifi cance for Seismic 
Hazards in Eastern 

North America

Special Paper 509

■■ The 2011 Mineral, Virginia, Earthquake, and Its Significance for Seismic Hazards in 
Eastern North America 

Edited by J. Wright Horton Jr., Martin C. Chapman, and Russell A. Green, 2015

The magnitude ~5.8 Mineral earthquake of 2011 was the largest to occur in the Appalachian region in >100 
years. It was felt over much of the eastern United States and southeastern Canada, caused significant damage 
from central Virginia to Washington, D.C., and was responsible for the automatic shutdown of a nuclear power 
station. It renewed interest in earthquake processes, hazards, and preparedness along the Eastern Seaboard, 
and responses of the science and engineering communities to this rare event serve as models for future 
responses. The earthquake provided important new data that contribute to the understanding of earthquakes 
in eastern North America and to better assessment and mitigation of seismic hazards. This volume makes these 
results available for those interested in understanding earthquakes and seismic hazards in intraplate settings.

SPE509, 431 p., ISBN 9780813725093 |  original list $85.00 |  $60.00 |  member price $42.00
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edited by Rob Young and Lisa Norby

Geological Monitoring 

Edited by Rob Young and Lisa Norby, 2009

Geological Monitoring is a practical, 
nontechnical guide for land managers, 
educators, and the public that synthesizes 
representative methods for monitoring 
short-term and long-term change in geo-
logic features and landscapes. A prestigious 
group of subject-matter experts has care-
fully selected methods for monitoring sand 
dunes, caves and karst, rivers, geother-
mal features, glaciers, nearshore marine 
features, beaches and marshes, paleon-
tological resources, permafrost, seismic 
activity, slope movements, and volcanic 
features and processes. Each chapter has 
an overview of the resource; summarizes 
features that could be monitored; describes 
methods for monitoring each feature rang-
ing from low-cost, low- technology methods 
(that could be used for school groups) to 
higher-cost, detailed monitoring methods 
requiring a high level of expertise; and pre-
sents one or more targeted case studies.

GEOMON, 305 p., ISBN 9780813760322 
|  original list $80.00 |  now $10.00 |

Facies Models 4

Edited by Noel P. James and Robert W. Dalrymple, 2010

The essential volume on sedimentary succession interpretation, 
this full-color textbook by the Geological Association of Canada 
incorporates the enormous advances in our understanding of dep-
ositional environments since the last edition (1992). Written for the 
advanced undergraduate- to graduate-student level, this  book is 
accessible to anyone with an interest in sedimentary environments. 

GACGT6, 575 p. plus index, ISBN 9781897095508 
|  $100.00 |  member price $85.00 |

Tectonic Styles in Canada:  
The LITHOPROBE Perspective

Edited by John A. Percival, Frederick A. Cook,  
and Ron M. Clowes, 2012

This volume (Special Paper 49 from the Geological Association 
of Canada) provides an in-depth overview of most of the major 
scientific results deriving from the LITHOPROBE project, Can-
ada’s 20+ year national research project in the earth sciences. 

LPROBE, 512 p., ISBN 9781897095607  
|   original list $95.00 |  now $40.00 |

Rock Chart Poster
This colorful poster classifies igneous, 
sedimentary, and metamorphic rocks and 
expands on formation processes with pho-
tos depicting the textural characteristics of 
each type. Perfect for the classroom, this 
poster also illustrates a dramatic occur-
rence of each rock type in nature with 
panoramic views of Beerenberg Volcano, 
the Grand Canyon, and the rocky James Bay 
shoreline in Quebec. | 020ROCKCP, 19" × 36" 

|  $14.95 |  member price $9.95 |
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Anions that commonly coordinate with H+

(e.g., as CH4, NH3, H2S, H2O, etc.)

At 85

215 218 219

Astatine
Rn 86

(222)

220 222
218 219

Radon

Si 14

m=28.086
r=2.71

Silicon as silicide

4–

Most  known natural occurrences of 
phosphides and silicides are in metorites 

and cosmic dust.

Most natural occurrences of carbides and 
nitrides are in meteorites or mantle phases.
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m=4.0026
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coordinate with H2O
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(All electrons removed from outer shell)

(Thus a noble-gas-like configuration 
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Silver
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Elemental Forms

other than noble gases
(uncharged)

Principal elements in iron 
meteorites (Fe>>Ni>>Co) and, 
with S or O, presumably domi-
nant elements in Earth's core

and isotopic 

are omitted to
conserve space)

(Atomic masses

information 

Fe
Zr
Li
Lu

10 most abundant elements in Earth's crust
11th to 20th most abundant elements in Earth's crust
21st to 40th most abundant elements in Earth's crust
41st to 92nd most abundant elements in Earth's crust

Elements that are thought to make up most of the 
Earth's core (Fe>Ni>Co), along with possibly S or O

Elements that occur as native minerals, recognized in antiquity 
( recognized from Middle Ages to 1862;
      recognized after 1963.)

Elements that make natural mineral alloys with Fe
Elements that make natural mineral alloys with Cu
Elements that make natural mineral alloys with Os
Elements that make natural mineral alloys with Pt
Elements that make natural mineral alloys with Au

See also Insets 1 to 5 and 7.

Inset 7: Conceptual model of the behavior of 
oxides of hard (and intermediate) cations
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Inset 1: Bulk modulus (Ks in GPa) 
of oxide minerals of hard cations

*Baddeleyite has 

at ambient condi-

Ks = 95 GPa but 

stable ZrO2 phase 

is for the latter.

is not the most 

tions; value shown 
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Indium ion

1,3+

Au 79
m=196.967

r=1.37

197

Gold ion

(3+ r=0.85)

+ Tl 81
m=204.383

r=1.40

207 208 210
203 205 206

Thallous thallium

+

Tl 81
r=0.95

Thallic thallium

3+
202 204 206

Hg 80
m=200.59

196 198 199
r=1.19

200 201

Mercurous ion

+

Ag 47
m=107.868

r=1.26

107 109

Silver ion

+

+

63 65

Cu 29
m=63.546

r=0.96

Cuprous copper

Cr 24
r=0.90

 chromium

2+
Chromous

H 1

1 2 3

Hydrogen ion

m=1.0079
r=10-5

+

Ni 28

r=0.73

Nickel ion

3+

61 62 64

Ni 28
m=58.693

58 60
r=0.72

Nickel ion
2+

r=0.62

Ga 31
m=69.723

69 71

(1+ r=1.13)

Gallium ion

3+

70 72 
73 74 76

Ge 32
m=72.61

(2+ r=0.93)
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Hydrogen
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Oxygen as oxide

Hg 80
r=1.10

Mercuric ion
2+

z
r = 8/
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=
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Sn
4+

Pb
2+
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+
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+
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Inset 6: Melting and decomposition (d) temperatures 
(K) of oxides of intermediate and soft cations
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See also Inset 3.

Commonly coordinate with O of 
carboxyl groups of organic ligands

Commonly coordinate with C of 
organic ligands, as in methylmercury
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See below
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Anions that form minerals with Au+
Anions that form minerals with Ag+
Anions that form minerals with Cu+

128 130

52

m=127.60

120 122 123
r=2.21
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Inset 4: Solubility of oxide minerals of hard cations
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*A non-rutile synthetic TiO2
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Inset 2: Hardness of oxide minerals of hard cations
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Inset 3: Melting T(K) of oxides of hard cations 

See also Inset 6.
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Anion:

Na+(   )-, and Mg2+(   )-bearing halides (mol/L)

HgI2

Villiaumite

Halite

100110-210-410-610-8

Sellaite

Chlorargyrite
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Solubility of Ag+(     )-, Hg2+(    )-,

(AgCl)

(AgBr)

(AgI)

(MgF2)
(NaF)

(NaCl)

MgCl2

of hard and soft cationsInset 8: Solubility of halides
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or charge density
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ionic radius
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Ionic Radius (r) (Å)

Atomic Mass
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Radioactive (italicized)

β-
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isotopes

Radioactive
decay pathways

Outline solid for naturally occurring elements or ions;
dashed for ones that rarely or never occur in nature.

ActiniumElement Name

Atomic Number
(number of protons)

Symbol
(see scale at far right) 3+

(or elemental radius 
for elemental forms)

Permanganate 
(MnO4
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hard cation  

shown to left
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(CrO42–) is a 
hard cation  

shown to left

MgAlBO4
(Sinhalite)

Me2+CO3
KNO3
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CaSO4
(Anhydrite)Al2SiO5 (K-S-A)

ZrSiO4 (Zircon)
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AlPO4
(Berlinite)

Na3PO4
(Olympite)

(e.g., 
Calcite)

Si 4+ P5+ S6+

B 3+ C4+ N5+

Inset 5: Typical simple oxysalt minerals 
(__MOn minerals without OH or H2O)

Minerals with
cations of very low 

ionic potential
(e.g., K+, Na+, Ba2+)

Minerals with cations of 
low (e.g., K+) to moderate
 (e.g., Al3+) ionic potential

"K-S-A" 
indicates 
kyanite,
andalusite, 
& sillimanite.

NaNO3
(Natratine)
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with cations 
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potential

8 most abundant solutes dissolved in seawater
9th to 16th most abundant 17th to 22nd most abundant 

2nd to 8th most abundant solutes in average river water 
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–)

Ions that enter later phases in igneous rocks because of 
       their large size (mostly "large-ion lithophiles")

Ions that enter early-forming phases in igneous rocks

Ions least depleted from mantle in formation of crust
Ions enriched in CAIs (Ca-Al-rich inclusions in meteorites)   
       relative to the composition of the solar system

Solutes that can be limiting nutrients in the oceans

Macronutrient solutes on land Micronutrient solutes on land

Ions essential to the nutrition of at least some vertebrates 
("essential minerals") 

Solutes that can be limiting nutrients in the growth of bacteria
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5+
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2–)
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Sulfur as
sulfate (SO42–)
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m=39.098

39 40 41
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Mg 12
m=24.305

24 25 26

r=0.65

Magnesium ion

2+

Fe2+

55
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m=54.938

r=0.80

Manganous Mn

2+

59
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m=58.933
r=0.74
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2+
r=0.69

Cu 29
Cupric copper

2+
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m=65.39
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67 68 70

Zinc ion

2+

r=
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hydrogen
Molecular
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Molecular O

8
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with incomplete 
outer electron 

shells

Also see 
Inset 9.
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See also 
Inset 9.

presumably 
as rheniate

26

(smaller print where 
very scarce)

10

36

129

Example

Inset 9: 
The many 

valence states 
of nitrogen 

and carbon

5+  NO3
– (nitrate)

4+  NO2 (nitrogen dioxide)
3+  NO2

– (nitrite)
2+  NO (nitric oxide)
1+  N2O (nitrous oxide)
0    N2 (nitrogen)
3–  NH3 (ammonia)

Shown above in the main table.

2–  CH3OH (methanol)
3–  C2H6 (ethane)
4–  CH4 (methane)

4+  CO2 (carbon dioxide)

2+  CO (carbon monoxide)

0 graphite, diamond
acetic acid, carbohydrates,

Other alkanes 
yield non-
integer values
from 4– to 2–.

Also see Inset 9.

N2 is the most abundant constituent 
of the atmosphere; NO2, NO, N2O, 

and NH3 are minor constituents.

3+  HOOCCOOH (oxalic acid)

calculated assuming 
H is 1+ and O is 2-.
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Inset 9: 
The many 

valence states
of nitrogen 
and carbon
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4+  NO2 (nitrogen dioxide)
3+  NO2

– (nitrite)
2+  NO (nitric oxide)
1+  N2O (nitrous oxide)
0    N2 (nitrogen)
3–  NH3 (ammonia)

Shown above in the main table.

N2 is the most abundant constituent 
of the atmosphere; NO2, NO, N2O, 

and NH3 are minor constituents.

2–  CH3OH (methanol)
3–  C2H6 (ethane)
4–  CH4 (methane)

4+  CO2 (carbon dioxide)

2+  CO (carbon monoxide)

0 graphite, diamond
acetic acid, carbohydrates,

Other alkanes 
yield non-
integer values
from 4– to 2–.

3+  HOOCCOOH (oxalic acid)

calculated assuming 
H is 1+ and O is 2-.
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GSA GEOLOGIC TIME SCALE v. 4.0 COMMENTARY

GSA Geologic Time Scale
J.D. Walker1, J.W. Geissman2, S.A. Bowring3, 

and L.E. Babcock4, Compilers

2013 marks the 30th anniversary of the fi rst Geological Society 
of America Geologic Time Scale (Palmer, 1983), the 100th an-
niversary of the fi rst geologic time scale based on radioisotopic 
dates (Holmes, 1913), and the 125th anniversary of the Geological 
Society of America. Here we briefl y review the development of 
the GSA Geologic Time Scale. A more complete treatment can be 
found in Walker et al. (2013).

The effort to prepare the fi rst Society time scale was concurrent 
with the preparation of the 27 volumes of The Geology of North 
America to celebrate the Decade of North American Geology 
(DNAG). In 1982, an ad hoc Time Scale Advisory Committee was 
formed by the DNAG steering committee to encourage “uniformity 
among DNAG authors in the citation of numerical ages for chro-
nostratigraphic units of the geologic time scale” (Palmer, 1983). 
The Time Scale Advisory Committee consisted of Z.E. Peterman 
(chairman), J.E. Harrison, R.L. Armstrong, and W.A. Berggren. 
Allison (Pete) Palmer, as Centennial Science Program Coordinator 
for GSA, was given the charge of compiling the Advisory Commit-
tee’s efforts. The goal of the then unique layout of the GSA/DNAG 
Geologic Time Scale, with each Phanerozoic Era given identical 
column length, along with the Precambrian, was to provide a com-
pact, succinctly organized yet suitably detailed (e.g., including un-
certainties in ages of chronostratigraphic boundaries) compilation 
of our current knowledge of geologic time. 

Work on this GSA time scale started in 2012 in conjunction 
with preparation by the compilers of an article on the Geologic 
Time Scale for the GSA Bulletin (Walker et al., 2013). This effort 
is a revision of the 2009 GSA Geologic Time Scale (Walker and 
Geissman, 2009). Revisions focused on three aspects. The fi rst was 
to update names and boundaries to capture changes presented in 
Gradstein et al. (2012) and Cohen et al. (2012) to refl ect recent 
efforts of the many working groups of the International Commis-
sion on Stratigraphy (ICS). Second, we updated the boundary ages 
using these same sources. Lastly, the magnetic polarity time scale 
was modifi ed. Signifi cant changes from the previous GSA Geo-
logic Time Scale principally refl ect adjustments to the Cenozoic, 
including: (1) dropping the use of Tertiary, which previously was 
considered a period that was the same as the combined Paleogene 
and Neogene; and (2) dropping the informal early, middle, and late 
divisions for the Paleocene, Eocene, Oligocene, and Miocene.

The compilers plan to keep the GSA Geologic Time Scale as 
up to date as possible. For that reason, we are moving away from 
the previous practice of putting a calendar date on the time scale 
(i.e., 2009 Geologic Time Scale) but rather we have adopted a 
“versioning” approach. The current GSA Geologic Time Scale is 
version 4.0 as it is the fourth one produced in this series. It is our 
opinion that the geological community no longer views the time 
scale as static, but one that should evolve as new research is done. 
Establishing new stratigraphic datums, determining new dates for 
boundaries, and advances in other aspects of geologic age deter-
minations occur often and should be refl ected in a more dynamic 
approach to time scale presentation with yearly updates. The time 
scale will be given a version number and posting date, and be avail-
able at no cost online. Previous versions will also remain available 
at www.geosociety.org.

GSA encourages the use of the time scale, boundary ages, and 
its terminology in all publications; strict enforcement, however, is 
not planned. Constructive comments are encouraged and should be 
addressed to editing@geosociety.org.
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Geologic Time Scale Poster v. 4.0

Compiled by J.D. Walker, J.W. Geissman, S.A. Bowring, and L.E. Babcock, 2012

Use this colorful, poster-size version of GSA’s Geologic Time Scale (v. 4.0) to decorate your office 
or classroom. Includes an explanation of the chart’s history and updates. 
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www.geosociety.org/AnnualMeeting

22–25 October
Seattle, Washington, USA

GSA Annual Meeting & Exposition
FIELD GUIDE 45: Field Excursions in 

Southern California: Field Guides to the 
2016 GSA Cordilleran Section Meeting  
Edited by Brian Kraatz, Jade Star Lackey, 

and Joan E. Fryxell

MEMOIR 213:  Linkages and Feedbacks 
in Orogenic Systems  

Edited by Richard D. Law, J. Ryan Thigpen, 
Arthur J. Merschat, and Harold Stowell

$ 8.95

COMING SOON!

http://www.geosociety.org
www.fsc.org
http://rock.geosociety.org/Store
http://rock.geosociety.org/Store
http://rock.geosociety.org/Store/detail.aspx?id=CRD004
http://www.geosociety.org/GSA/Events/Annual_Meeting/GSA/Events/gsa2017.aspx
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