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linked through a “Continental Drilling Data System” and adhere to community sampling protocols.  
These facilities need long-term support.  LacCore is presently the only organized facility for NSF-
funded continental drilling and focuses on lake cores.  A similar hard rock (including cuttings) facility 
is needed. Previous attempts to establish such a facility at the Texas Bureau of Economic Geology’s 
Houston facility might be revived, or similar facilities approached.  
 
On-site core logging 
 
A series of mobile labs that can be deployed to drill sites will greatly enhance core handling and 
analysis. Technicians will be needed for some of these labs. These mobile labs would target different 
needs: some can be combined, while others require separate vans.  Recognized needs for hard rock, 
soft rock drilling, and for geobiological studies differ in subtle to not at all subtle ways. Examples of 
needs include:   
 

• A whole core NRM (Natural Remanent Magnetization) systems (for strategic drilling 
decisions)  

• A whole core MSCL (Multi-Sensor Core Logger), already deployed in ICDP-
supported projects. 

• a geobiology and geochemistry mobile lab that includes the ability to freeze 
samples, is a “clean lab”, and includes equipment for transporting frozen samples 

 
Finally, on-site data (metadata, logging data, etc) should be collected and automatically uploaded, or 
captured and uploaded later once Internet connection becomes available, to a "Continental Drilling 
Data System". 
 

 
Figure XXX. Exterior and interior view of containerized, transportable geobiology laboratory at Apsö, Sweden.  A similar 
laboratory optimized for on-site use at drilling projects, would allow careful studies of geobiology.  Photographs by T.C. 
Onslott and Karsten Pedersen.   

Geoinformatics and Data Management 
 
Data generated before, during and after drilling projects needs to be accommodated by a 
geoinformatics system. This data capture, its management and archiving could be facilitated through a 
"Continental Drilling Data System" (CDDS).  The CDDS needs to accommodate regional framework 
studies, site surveys, on-site and post-drilling data.  Such a system will also help to meet existing and 
emerging agency data requirements. Community standards and protocols for handling cores, samples 
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as well as heterogeneous sets of data from post-drilling analyses should be accommodated by the 
CDDS.  The CDDS would not need to be one centralized system but be totally distributed, including 
portals to the core and sample storage facilities. This avoids reinventing data centers and databases that 
already exist and have long-term support. The system should provide turn-key data solutions for 
drilling projects, freeing the PIs from this task. It can be a central component for education and 
outreach efforts, and provide a mechanism for broader community participation in drilling projects by 
allowing wider access to information. It can be designed to accept legacy data compiled for proposed 
projects and in general provide better integration of outcrop and core studies.  The CDDS could 
initially be provided by GeosciNET, a collaboration of CoreWall, Geoinformatics for Geochemistry 
(GfG), SESAR, GeoStrat, and the ICDP DIS.  However, this team can be broadened as needs dictate.  
 
Analytical facilities and methodologies 
 
New and improved post-drilling analytical facilities and methodologies are needed to support the 
science.  This requires a more through study and discussions with many existing facilities, but, as 
examples it was noted that we need to: 
 

• Improve precision of and develop new proxies for climate and environmental 
change studies 

• Improve methodologies to provide high resolution chronologies for all time scales 
but in particular for those time frames that fall in-between standard radiometric 
dates and radiocarbon ages.   

• Improve and develop new biological tracers 
 
We expect these improvements will be part of natural outcome of new research projects that require 
scientific drilling.  



 DRAFT 

 16 

REFERENCES CITED 
Albrecht C and Wilke T. 2008. Ancient Lake Ohrid: Biodiversity and evolution. Hydrobiologia 615: 
103-140 
Anderson, R.T., Chapelle, F.H., and Lovley, D.R., 1998, Evidence against hydrogen-based microbial 

ecosystems ion basalt aquifers: Science. V. 281, p. 976-977.   
Brodsky, E., K.-F. Ma, J. Mori and D. Saffer, 2009, Rapid Response Drilling: Past, Present and 
Future, ICDP/SCEC Workshop Report, www.pmc.ucsc.edu/~rapid/. 
 
Batygin, K. and Laughlin, G., 2008, On the dynamical stability of the Solar System. The Astrophysical 
Journal, 683:1207–1216. 

Campisano, C.J. & Feibel, C.S. 2007. Connecting local environmental sequences to global climate 
patterns: Evidence from the hominin-bearing Hadar Formation, Ethiopia. Jour. Human Evol. 
53:515-527. 

Chapelle FH, O’Neill K, Bradley PM, Methe BA, Ciufo SA, Knobel LL, Lovley DR. 2002. A 
hydrogen-based subsurface microbial community dominated by methanogens.  Nature 415:312-
315. 

Cockell, C.S., Gronstal, A.L., Voytek, M.A., Kirshtein, J.D., Finster, K., Sanford, W.E., Glamoclija, 
M., Gohn, G. S., Powars, D.S., Horton, J.W., jr., in press, Microbial abundance in the Deep 
Subsurface of the Chesapeake Bay Impact Crater: microbial abundance and its relationship to 
lithology and impact processes,  Geological Society of America Special Paper.     

Cohen, A.S., Ashley, G.M., Potts, R., Behrensmeyer, A.K.,  Feibel, C., and Quade. J., 2006. 
Paleoclimate and Human Evolution Workshop. EOS 87:161. 

Cohen, A.S., Stone, J.R., Beuning, K.R., Park, L.E., Reinthal, P.N., Dettman, D., Scholz, C.A., 
Johnson, T.C., King, J.W., Talbot, M.R., Brown, E.T., and Ivory, S.J., 2007. 

 
Ecological 

Consequences of Early Late-Pleistocene Megadroughts in Tropical Africa. Proc. Nat. Acad. 
Sci. 104:16422-16427. 

Cohen, A.S. and Umer, M., 2009 Connecting Scientific Drilling and Human Evolution. EOS. 90:122. 
deMenocal, P. 2004. African climate change and faunal evolution during the Plio-Pleistocene. EPSL 

220:3-24. 
Colman, S.M., 1996, Continental Drilling for Paleoclimatic Records: Recommendations from an International 

Workshop: Bern, Switzerland, PAGES Workshop Report Series 96-4, 104 p.  

Committee on Solid Earth Sciences, 2008, Origin and Evolution of the Earth, Research Questions for a 
Changing Planet: Washington, D.C., The National Academies Press, 137 p.   

Clyde, W. C, Gingerich, P. D.  1998.  Mammalian community response to the latest Paleocene thermal 
maximum; an isotaphonomic study in the northern Bighorn Basin, Wyoming.  Geology, vol.26, no.11, 
p.1011-1014. 
Clyde, W.C., LeCain, R. (In Review) Terrestrial Ecosystem Response to Climate Change during the 
Paleogene, in Extinction Risk and Climate Change, Island Press. 
Feakins, S.J., deMenocal, P.B., and Eglinton, T.I., 2005. Biomarker records of late Neogene changes in 

northeast African vegetation. Geology 33:977-980. 



 DRAFT 

 17 

Fisk MR, Storrie-Lombardi MC, Douglas S, Popa R, McDonald G, Di Meo-Savoie C (2003) Evidence 
of biological activity in Hawaiian subsurface basalts. Geochemistry, Geophysics, Geosystems, 4, 
(12), 2002GC000387.   

GSA, 2006. GSA Annual Meeting, Session No. 109, T147. NSF Continental Dynamics Field 
Laboratories II: 20 Years On. 

Harms, U. and Emmermann, R, 2007, History and status of the international continental scientific 
drilling program: in Harms, U, Koeberl, C., and Zoback, M., eds., Continental Scientific Drilling, A 
Decade of Progress and Challenges for the Future: Berlin, Heidelberg, New York, Springer, pp. 1-
52.   

Hardardóttir, V., 2004. Major and trace elements in scales in pipes from well 9, Reykjanes, Iceland. In: 
Wanty, R. and Seal, R., (Eds.), Water-rock Interaction: Proceedings of the Eleventh International 
Symposium on Water-Rock Interaction, WRI-11, 2, 1521–1525. 

Hickman, S., R. Sibson and R. Bruhn, 1995, Introduction to special section: Mechanical involvement 
of fluids in faulting, Journal of Geophysical Research, vol. 100, p. 12831-12840. 
 

Horsfield, B., and Kieft, T., 2007, The Geobiosphere: in Harms, U, Koeberl, C., and Zoback, M., eds., 
Continental Scientific Drilling, A Decade of Progress and Challenges for the Future: Berlin, 
Heidelberg, New York, Springer, pp.163-211.   

IODP, 2001, Earth, Oceans, and Life, Integrated Ocean Drilling Program, Initial Science Plan, 2003-
2013: http://www.iodp.org/scientific-goals/, downloaded 6/18/09.   

Ito, H., J. Behrmann, S. Hickman, H. Tobin and G. Kimura (eds.), 2007, Report from IODP/ICDP 
workshop on fault zone drilling, Miyasaki, Japan, 2006, Scientific Drilling,  Special Issue No. 1.  
 

Karabanov, E., Williams, D., Kuzmin, M., Sidelevac, V., Khursevich, G., Prokopenko, A., 
Solotchinae, E., Tkachenkob, L., Fedenyad, S., Kerberb, E., Gvozdkovb, A., Khlustovf, O., 
Bezrukovaf, E., Letunovaf, P. and Krapivin, S., 2004, Ecological collapse of Lake Baikal and Lake 
Hovsgol ecosystems during the Last Glacial and consequences for aquatic species diversity. 
Palaeogeography, Palaeoclimatology, Palaeoecology 209 (2004) 227– 243 
Kashefi K, Lovley DR. 2003. Extending the upper temperature limit for life. Science 301:934-934.  
Katz, M. E., Wright, J. D., Miller, K. G., Cramer, B. S., Fennel, K., and Falkowski, P. G.   2005.  Biological 
overprint of the geological carbon cycle.  Marine Geology 217: 323-338.  

Khursevich, G. K., Karabanov, E. B. Williams, D. F., Kuzmin, M., and Prokopenko, A. A., 2000, 
Evolution of freshwater centric diatoms within the Baikal rift zone during the late Cenozoic In: K. 
Minoura, Editor, Lake Baikal: A Mirror in Time and Space for Understanding Global Change 
Processes, Elsevier, Amsterdam (2000), pp. 146–154. 

Kieft, T. L., Phelps, T. J., and J. K. Fredrickson.  2007. Drilling, coring, and sampling subsurface 
environments. pp. 799-817, In: Manual of Environmental Microbiology, Third Edition. Hurst, C.J. 
(Ed.), ASM Press, Washington, DC. 

Kingston JD, Deino A, Hill A, Edgar R., 2007. Astronomically forced climate change in the Kenyan 
Rift Valley 2.7-2.55 Ma: Implications for the evolution of early hominin ecosystems. Jour. 
Human Evol. 53:487-503. 

Kominz, M.A., Browning, J.V., Miller, K.G., Sugarman, P.J., Misintseva, S., and Scotese, C.R., 2008, 
Late Cretaceous to Miocene sea-level estimates from the New Jersey and Delaware coastal plain   



 DRAFT 

 18 

coreholes: an error analysis: Basin Research, v. 20, p. 211-226. 
Kuiper, K. F., Deino, A., Hilgen, F. J., Krijgsman, W., Renne, P. R., and Wijbrans, J. R.  2008.  Synchronizing 
Rock Clocks of Earth History.  Science 320: 500-504.  

 
Laskar, J., Robutel, P., Joutel, F., Gastineau, M., Correia1, A. C. M., Levrard, B., 2004, A long-term 
numerical solution for the insolation quantities of the Earth. Astronomy & Astrophysics, 428, 261–285 
 
Lepre, C.J., Quinn, R.L., Joordens, J.C.A., Swisher, C.C. and Feibel, C.S., 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WJS-4R00FBF-
2&_user=56761&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000059541&_ve
rsion=1&_urlVersion=0&_userid=56761&md5=4e8acff50a8046e7692bf569ac893964 - 
aff32007. Plio-Pleistocene facies environments from the KBS Member, Koobi Fora Formation: 
implications for climate controls on the development of lake-margin hominin habitats in the 
northeast Turkana Basin (northwest Kenya). Jour. Human Evol. 53:504-514. 

Lewin, R., 1981, Lake bottoms linked with human origins. Science 211:564-566. 
Lin L-H, Wang P-L, Rumble D, Lippmann-Pipke J, Boice E, Pratt LM, Sherwood Lollar B, Brodie EL, 

Hazen TC, Anderson GL, DeSantis TZ, Moser DP, Kershaew D, Onstott TC. 2006. Long-term 
sustainability of a high-energy, low-diversity crustal biome.  Science 314:479-482.  

Ma, K.F., H. Tanaka, S.R. Song, C.Y. Wang, J.H. Hung, Y.B. Tsai, J. Mori, Y.F. Song, E.C. Yeh, W. 
Soh, H. Sone, L.W. Kuo, and H.Y. Wu, 2006, Slip zone and energetics of a large earthquake from the 
Taiwan Chelungpu-fault Drilling Project, Nature, 444, 473–476. 

McCune, A.R., 2004, Diversity and speciation of semionotid fishes in Mesozoic rift lakes. In: Adaptive 
Speciation, eds. Dieckmann U, Doebeli M, Metz JAJ and Tautz D, pp. 362-379. Cambridge University 
Press. 
Michel, E., Todd, J., Genner, M., Papadopoulos, L. And Marijnissen, S., 2003, Evolution of lacustrine 
macroinvertebrates: Morphology and genetics provide keys to the cores. 3rd Intl. Limnogeology 
Congress (Tucson, AZ) abstr. w/prog. P. 182. 

Miller, K.G. Kominz, M.A., Browning, J.V., Wright, J.D., Mountain, G.S., Katz, M.E., Sugerman, P.J. 
Cramer, D.S., Christie-Blick, N., Pekar, S.F., 2005, The Phanerozoic record of glabal sea-level 
change: Science, v. 310, p. 1293-1298 

Neal, C.R., Coffin, M.R., and others, 2008, Investigating large igneous province formation and 
associated paleoenvironmental events: A white paper for scientific drilling: Scientific Drilling, #6, 
July 2008, doi:10.2204/iodp.sd.6.01.2008.   

Olsen, P.E. and Kent, D. V., 1999, Long-period Milankovitch cycles from the Late Triassic and Early 
Jurassic of eastern North America and their implications for the calibration of the early Mesozoic time 
scale and the long-term behavior of the planets. Philosophical Transactions of the Royal Society of 
London (series A), v. 357, p. 1761-1787. 
Potts R., 1996. Evolution and climatic variability. Science 273:922-923 

Reches, Ze’ev, and H. Ito, 2007, Scientific drilling of active faults: Past and future, in U. Harms, C. 
Koeberl and M. Zoback, Continental scientific drilling: A decade of progress and challenges for the 
future, pp. 235-258, Springer.  

Rossiter, A. and Kawanabe, H. (eds.), 2000, Ancient Lakes: Biodiversity, Ecology and Evolution. 
Academic Press, Advances in Ecol. Research 31, 624pp. 



 DRAFT 

 19 

Jason W. Sahl, J.W.1 Schmidt, R., Swanner, E.D. Mandernack, K.W. Templeton, A.S., Kieft, T.L., Smith, 
R.L., Sanford, W.E. Callaghan, R.L. Mitton, J.B. Spear J.R., 2008, Subsurface microbial diversity in 
deep-granitic-fracture water in Colorado: Applied and Environmental Microbiology, v.74,  p 143-152, doi: 
10.1128/AEM.01133-07. 
Scholz, C.A., Cohen, A.S., Johnson, T.C. and King, J. W., 2006 The 2005 Lake Malawi Scientific 

Drilling Project. Scientific Drilling Mar 2006:17-19, doi:10.2204/iodp.sd.1.04.2006. 

Smith, G., 1987, Fish speciation in a western North American Pliocene rift lake. Palaios 2:436-445. 
Stevens, T.O., and McKinley, J.P., 1995, Lithoautotrophic microbial ecosystems in deep basalt aquifers: 

Science, v. 270, p[ 450-454.   

Subsurface Life Task Force, 2008, Subsurface Life Task Force Report to IODP MI; 
http://www.iodp.org/SLTF/ downloaded June 10, 2009.   

Takai, K., 2008. Methanogenesis at 122°C renews the upper temperature limit for life and the stable carbon 
isotopic fractionation of microbial methanogenesis. Geochimica et Cosmochimica Acta 72, A926 

Tobin, H., Ito, H., Behrmann, H., Hickman, S., and Kimura, G., 2007, Joint IODP-ICDP workshop 
examines challenges of fault zone drilling: Scientific Drilling, Special Issue #1, p. 5-16, 
doi:10.2204/iodp.sd.s01.80.2007.   

UNDP (UN Development Programme), Bureau for Crisis Prevention and Recovery, 2004, Reducing 
Disaster Risk: A Challenge For Development A Global Report. New York: J.S. Swift, Co. 
van Dam, J. A., Abdul Aziz, H., Alvarez Sierra, M. A., Hilgen, F. J., van den Hoek Ostende, L. W., Lourens, L. 
J., Mein, P., van der Meulen, A. J., and Pelaez-Campomanes, P.  2006.  Long-period astronomical forcing of 
mammal turnover.  Nature 443: 687-691.  

Vrba, E.S., 1988. Late Pliocene climatic events and hominid evolution. In Grine, F.E. ed., 
Evolutionary History of the “Robust” Australopithecines. Aldine de Gruyter, New York, p. 
405–426. 

Walton AW, Schiffman P (2003) Alteration of hyaloclastites in the HSDP 2 Phase 1 Drill Core: 1. 
Description and paragenesis.  Geochemistry. Geophysics, Geosystems. 4(5), 
doi:10.1029/2002GC000368. 

West, K. and Cohen, A.S., 1996, Shell microstructure of gastropods from Lake Tanganyika, Africa: 
Adaptation, convergent evolution and escalation. Evolution 50:672-681. 
Westerhold, T., R¨ohl, U., Raffi, I., Fornaciari, E., Monechi, S., Reale, V., Bowles, J., and Evans, H. F.  2007.  
Astronomical calibration of the Paleocene time.  Palaeogeography, Palaeoclimatology, Palaeoecology , vol. 
10.1016/j.palaeo.2007.09.016 
Whitman, W. B., D. C. Coleman, and W. J. Wiebe, 1998, Prokaryotes: The unseen majority: 

Proceedings of the National Academy of Science, U. S. A., vol. 95, pp 6578–6583. 
Wing, S. L, Harrington, G. J, Smith, F. A, Bloch, J. I, Boyer, D. M, Freeman, K. H.  2005.  Transient 
floral change and rapid global warming at the Paleocene-Eocene boundary.  Science, vol.310, no. 
5750, p. 993-996. 

Wyllie, P.J., 1976, The Way the Earth Works: New York, London, Sydney, Toronto, John Wylie and 
Sons, Inc., 296 pp.

Zoback, M., S. Hickman, and W. Ellsworth, 2007,  The role of fault zone drilling, in Treatise on 
Geophysics, Vol. 4, H. Kanamori (ed.), pp. 649-674, Elsevier.  
 



 DRAFT 

 20 

APPENDIX 
Shelton Alexander 
Melissa Berke 
Margaret Blome 
Emily Brodsky 
Laurie Brown 
Christopher Campisano 
Eric Christiansen 
Will Clyde 
Andrew Cohen 
Steve Colman 
Ann Cook 
Don DePaolo 
David Dinter 
James Evans 
Craig Feibel 
Barry Hanan 
Stephen Hickman 
Yasufumi Iryu 

Emi Ito 
Kirk Johnson 
Thomas Johnson 
Thomas Kieft 
Christian Koeberl 
David Kring 
Jochem Kueck 
H. Richard Lane 
Stephen Lund 
Andrew Manning 
Kenneth Miller 
Lisa Morgan 
Dennis Nielson 
Anders Noren 
Paul Olsen 
Robert Phinney 
Jeffery Plescia 
Ross Powell 

Alexander Prokopenko 
James Russell 
Peter Schiffman 
Doug Schnurrenberger 
Daniel Schrag 
Pat Shanks 
John Shervais 
Walter Snyder 
Joseph Stoner 
Ellen Thomas 
Alexander van Geen 
Dick van Klaveren 
Stefan Vogel 
Anthony W Walton 
Philippe Wyffels 
Robert Zierenberg 
David Zur 

 
Organizing Committee  Keynoters    Reporters 
Conveners    Christopher Campisano  Emily Brodsky 

Anthony W. Walton  Don DePaolo    Eric Christiansen 
Kenneth Miller   Stephen Hickman   Will Clyde 
Christian Koeberl   Kirk Johnson    Andrew Cohen 
Stephen Hickman    Thomas Kieft    Steve Colman 

Other members:    David Kring     James Evans 
John Shervais   Paul Olsen    Craig Feibel 
Steve Colman   James Russell    Emi Ito 
Will Clyde    Dan Schrag    Kirk Johnson 
          Thomas Johnson 
          Thomas Keift 

 Christian Koeberl 
 Kenneth Miller 
 Jeffery Plescia  
 Ross Powell   
 Pat Shanks 
 John Shervais 
 Walter Snyder 
 Stefan Vogel  
 Anthony W. Walton 
 Robert Zierenberg 
 David Zur 



 DRAFT 

 21 

WORKSHOP SCHEDULE 
Thursday, June 4, 2009 

Plenary Session I Convener: Ken Miller Central City Room (2nd Floor, Brown Palace) 
8:00  Welcome, introductions, and purpose of the workshop Tony Walton 
8:15  A View from NSF Rich Lane 
8:30  Keynote: Deep Time Paul Olsen  
9:00  Keynote: Climate Change and Human Origins Chris Campisano 
9:30  Keynote: Fault Structure and Mechanics Stephen Hickman   

10:00 Break & posters 
10:30  Breakout sessions 
 Deep Time with long-term climates.   Leadville.  Leaders: Miller, Clyde 
 Climate and human origins Georgetown.  Leaders: Cohen, Feibel 
 Fault structures & mechanics Silver Plume.  Leaders: Evans, Brodsky  

12:00 Lunch Oryx Room 

Plenary Session II Convener: John Shervais Central City Room 
1:00 Review of morning breakouts 
1:30  Keynote: Magmas, Hotspots, and the Mantle  Don DePaolo  
2:00 Keynote: Quaternary Climate Change James Russell 
2:30  Keynote: Impact Processes and Structures David Kring 

3:00  Break & posters 
3:30 Breakout sessions 
 Igneous processes  Leadville.  Leaders: Shervais, Christianson 
 Quaternary climate change  Centeral City.  Leaders: Colman, Tom Johnson 

Impact processes Georgetown.  Leaders: Koeberl, Plescia  
Antarctic drilling Silver Plume.  Leaders: Powell, Vogel 

5:15 Adjournment.  Dinner on your own.   

Friday, June 5, 2009 
Plenary Session III Convener: Chris Koeberl Central City Room, Brown Palace 

8:00  Review of afternoon breakouts.   
8:30  Keynote: The Deep Biosphere  Tom Kieft 
9:00  Keynote: CO2 sequestration Dan Schrag  
9:30  Keynote: Public education and outreach Kirk Johnson 

10:00  Break and posters 
10:30 Breakout sessions 

Education and outreach Leadville.  Leaders: Kirk Johnson, Zur  
The Deep Biosphere Silver Plume.  Leaders: Walton, Kieft 
Natural Resources: water, metals, energy, and waste  
 Georgetown.  Leaders: Shanks, Zierenberg 
Facilities, equipment and infrastructure.   Central City.  Leaders: Snyder, Ito 

12:00 Lunch    Oryx Room 
Plenary session Convener: Tony Walton Central City 
1:00 Review of morning breakouts 

Group discussion:  
Facilities, equipment, and infrastructure.   
A Science Plan for Continental Drilling? 

2:30  Closing.    
 
 




