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Preface 

The March-April 2014 Geological Society of America Penrose Conference held in Asheville, North 
Carolina, the heart of the Blue Ridge, honored the career of Robert D. Hatcher Jr. Bob Hatcher has studied the 
Appalachian orogen for more than five decades, and his track record as an educator, researcher, mentor, and 
colleague is truly remarkable. Bob has directed 51 master's theses and 17 Ph.D. dissertations. He has pub
lished more than 200 scientific papers (with four in this volume), ten books (including five textbooks), nine 
geologic maps and three tectonic maps of the Appalachian orogen, and 472 presentation abstracts. He has led 
over 40 field trips for professional societies and meetings, as well as countless field trips for students that were 
equally as thorough and well prepared. Among a wide range of positions served and honors awarded, Bob 
served as editor of the Geological Society of America Bulletin (198.1-1988), president of the Geological Soci
ety of America (GSA) (1992-1993), and president of the American Geological Institute (AGI) (1995-1996). 
He received highest honors from several societies including the John T. Galey award (American Association 
of Petroleum Geologists, 2001), Ian Campbell Medal (AGI, 2006), Penrose Medal (GSA, 2006), and the 
Marcus Milling Legendary Geoscientist Medal (AGI, 2014). His research has focused on the architecture 
of mountain belts, primarily the southern Appalachians, where he has addressed many key topics including: 
the formation and evolution of crustal-scale faults and large crystalline thrust sheets, polyphase deformation, 
development of microfabrics and strain, the distribution of lithotectonic terranes, stratigraphy in metamorphic 
rocks, and regional geophysics and structure. At the core of his research are field-based studies and detailed 
geologic maps, the foundation for all of his subsequent tectonic interpretations. 

As a teacher and mentor there were many things Bob expected of his students. First, working with Bob 
came with a guarantee of fieldwork, and lots of it. Bob taught his students to be observant and prolific at data 
collection (Fig. 1), and to compile and synthesize the data into detailed geologic maps. Bob and his students 
have mapped an area equivalent to 14,141 km2 (5,460 mi2), or ninety-one 7.5 min. quadrangles (thirteen of 
which were primarily completed by Bob). These geologic maps are spread across four states and every major 

Figure 1. Robert D. Hatcher in
structing and mentoring Bren
dan R. Bream (M.S. 1999, Ph.D. 
2003) in geologic mapping in the 
complex (although sometimes 
predictable) Inner Piedmont, 
Hickory Nut Mountains, North 
Carolina. Picture taken -1997 by 
Joseph Hill (M.S. 1999). 
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tectonic belt of the southern Appalachians. Like the geologic maps created by Bob (see Hatcher et al., this 
volume), the geologic maps of his students are characterized by a plethora of structural measurements. Bob 
stressed to his students that the geologic map was the most important data set, and integrated all other data 
into context with the map and field observations. Secondly, Bob encouraged his students to be involved with 
the greater geologic community, presenting at professional meetings, and attending and leading field trips. 
Finally, he wanted all of his students to learn to think critically and independently. 

As a researcher and colleague Bob readily incorporated new ideas and techniques, and applied mul
tidisciplinary approaches to better understand the tectonics of mountain belts. His paper "Developmental 
Model for the Southern Appalachians" (Hatcher, 1972) was the first to place the southern Appalachians in 
the context of plate tectonics, which was an evolving idea at that time and the theme of the first Penrose 
Conference (1969), which Bob attended. Since then, Bob has continued to refine his tectonic models of the 
southern Appalachians, incorporating all available data and new ideas regarding orogenic processes. Bob 
has been involved with many collaborative and multidisciplinary studies. He proposed and organized the 
Appalachian Ultradeep Core Hole (ADCOH), an international multidisciplinary project that included 80 
scientists from 48 institutions-a new level of collaboration. During the recent geochronologic revolution, 
Bob and colleagues recognized the importance of applying new analytical techniques, e.g., sensitive high
resolution ion microprobe (SHRIMP), to resolve fundamental geochronologic problems that have plagued 
the southern Appalachians. His research group applied detrital zircon geochronology to constrain the ages of 
unfossiliferous geologic formations, and high spatial resolution dates to better constrain the ages of igneous 
rocks containing complexly zoned zircon that grew during multiple thermal events. 

In this volume, Bob's paper on tectonic horses in the Brevard fault zone of North Carolina, South Caro
lina, and Georgia exemplifies his ability to synthesize multiple data sets-from microscale to map-scale 
structures, field relationships, geochronology, geochemistry, and stratigraphy among others-into a concep
tual kinematic and tectonic model. At the heart of his interpretation is extensive fieldwork and a detailed geo
logic map. We are proud to dedicate this volume, which synthesizes our understanding of orogenic systems 
through case studies from the Appalachian orogen and other orogens, to Robert D. Hatcher Jr., in honor of his 
career studying the geology of the southern Appalachians, his detailed geologic maps and tectonic syntheses, 
numerous collaborations with colleagues, and for teaching several generations of geology students (Fig. 2) 
to think for themselves and try to be "smarter than the rock." 

A sincere thank you to Bob from all you have taught, encouraged, and inspired. 
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Figure 2. Bob with current and former 
graduate students in attendance at the 
2014 Penrose Conference in front of 
the Chattahoochee fault at Reinhart 
Gap on the Blue Ridge Parkway in 
North Carolina. From left to right: Jake 
Glasbrenner (current Ph.D. student), Ar
thur Merschat (M.S. 2003, Ph.D. 2009), 
Joseph Hill (M.S. 1999), Ryan Thig
pen (M.S. 2005), Bob Hatcher, Har
old Stowell (M.S. 1981), and Levader 
Scruggs (M.S. 2016). Picture courtesy 
Summer Brown. 

Hatcher, R.D., Jr., Huebner, M.T., Rehrer, J.R., Acker, L.L., Fullagar, 
P.D., Liu, A., and Goad, P.L., 2017, this volume, Geologic and 
kinematic insights from far-traveled horses in the Brevard fault 
zone, southern Appalachians, in Law, R.D., Thigpen, J.R., 
Merschat, A.J., and Stowell, H.H., eds., Linkages and Feed
backs in Orogenic Systems: Geological Society of America 
Memoir 213, doi:I0.1130/2017.1213(13). 

bobhatcher
Highlight

bobhatcher
Highlight

bobhatcher
Highlight

bobhatcher
Highlight



Linkages and Feedbacks in Orogenic Systems 

edited by 

Richard D. Law 
Department of Geosciences 

Virginia Tech 
Blacksburg, Virginia 24061, USA 

J. Ryan Thigpen 
Department of Earth and Environmental Sciences 

University of Kentucky 
Lexington, Kentucky 40506, USA 

Arthur J. Merschat 
U.S. Geological Survey 

Res ton, Virginia 20192, USA 

Harold H. Stowell 
Department of Geological Sciences 

University of Alabama 
Tuscaloosa, Alabama 35487-0338, USA 

THE 
GEOLOGICAL 
SOCIETY 
OF AMERICA® 

Memoir 213 
3300 Penrose Place, P.O. Box 9140 • Boulder, Colorado 80301-9140, USA 

2017 



Contents 

Preface ........................................................................... v 
Arthur J. Merschat, J. Ryan Thigpen, and Harold H. Stowell 

Linkages and feedbacks in orogenic systems: An introduction .............................. vii 
J. Ryan Thigpen, Richard D. Law, Arthur J. Merschat, and Harold H. Stowell 

1. Evaluating kinematic displacement rate effects on transient thermal processes in thrust belts 
using coupled thermomechanical finite-element models ................................. 1 
J. Ryan Thigpen, Kyle T. Ashley, and Richard D. Law 

2. Techniques for understanding fold-and-thrust belt kinematics and thermal evolution . ........ 25 
Nadine McQuarrie and Todd A. Ehlers 

3. Basement-cover tectonics, structural inheritance, and deformation migration in 
the outer parts of orogenic belts: A view from the western Alps . .......................... 55 
Robert W.H. Butler 

4. Paleozoic tectonic evolution of the western Blue Ridge, southern Appalachians: A critical 
examination of long-standing conflicts in a polydeformed system . . . ...................... 75 
J. Ryan Thigpen and Robert D. Hatcher Jr. 

5. Strain gradients in the Day Mountain thrust sheet, Massachusetts, USA: Implications for 
deformation during thrusting and strain localization ................................... 99 
Paul Karabinos and Elizabeth L. Pierce 

6. Synconvergence extension and midcrustal exhumation in the Internal Dinarides .......... . 115 
Gabriele Casale, Richard Bennett, Darrel Cowan, and Marijana Surkovic 

7. How (not) to recognize a midcrustal channel from outcrop patterns ..................... . 129 
Taija Torvela 

8. Quartz inclusions in garnet: Time capsules of early mountain building ................... 149 
Kyle T. Ashley, Richard D. Law, Robert J. Bodnar, and Kenneth A. Eriksson 

9. Paleoproterozoic to Triassic crustal evolution of the Gyeonggi Massif, Korea: 
Tectonic correlation with the North China craton .................................... 165 
Moonsup Cho, Taehwan Kim, Soh-young Yang, and Keewook Yi 

iii 



iv Contents 

10. Temporal and spatial distribution of Paleozoic metamorphism in the southern Appalachian 
Blue Ridge and Inner Piedmont delimited by ion microprobe U-Pb ages of 
metamorphic zircon ............................................................ 199 
Arthur J. Merschat, Brendan R. Bream, Matthew T. Huebner, Robert D. Hatcher Jr., and 
Calvin F. Miller 

11. Thrust loading as a mechanism for crustal recycling: An example from the Swakane Gneiss, 
Cascades crystalline core, Washington, USA . ................................ . ....... 255 
Matthew Gatewood and Harold Stowell 

12. Transition from B- to A-type subduction during closing of the Rheic remnant ocean: 
New geochronologic and geochemical data marking Acadian-Neoacadian orogenesis and 
accretion of the Carolina superterrane, southern Appalachians .................... . ... . 279 
Matthew T. Huebner and Robert D. Hatcher Jr. 

13. Geologic and kinematic insights from far-traveled horses in the Brevard fault zone, 
southern Appalachians .......................................................... 313 
Robert D. Hatcher Jr., Matthew T. Huebner, Justin R. Rehrer, Louis L. Acker, Paul D. Fullagar, 
Angang Liu, and Patricia Lee Goad 

14. Late Carboniferous thin-skinned compressional deformation above the SW edge of 
the East European craton as revealed by reflection seismic and potential field data-
Correlations with the Variscides and the Appalachians ................................ 353 
Piotr Krzywiec, Stanislaw Mazur, Lukasz Gqgala, Mateusz Kufrasa, Marek Lewandowski, 
Michal Malinowski, and Vinton Buffenmyer 




