
The United States Cretaceous Western Interior Basin 
has long been considered a foreland basin, driven by the 
Sevier  thrust  and  associated  basin  sediment  loads. 
However,  flexural  studies  demonstrate  that  this  effect 
exists only within a narrow band in front of the thrust belt. 
Most of the basin appears to be due to mantle flow-
induced  dynamic  subsidence  associated  with  Farallon 
plate  subduction.  The loci  of  maximum rates  of  this 
dynamic subsidence moved eastward from ~98 to 74 Ma 
in phase with the west-to-east passage of the Farallon slab, 
as reconstructed from tomography based on quantitative 
inverse models. These new backstripped subsidence data 
reveal  the  dynamic-topography  driven  nature  of  the 
Western Interior Basin and allow a rigorous testing of 
existing  subduction  models.  Furthermore,  regional 
variations in subsidence rates suggest a possible deficit of 
negative  buoyancy  (mantle  loading)  inside  the  slab 
beneath  Colorado,  supporting  the  hypothesis  that  the 
thickened slab represents a subducted oceanic plateau. 
This work documents how the Cretaceous stratigraphy 
records the timing, patterns and position of underlying 
mantle processes during Farallon slab subduction. The 
new  data  also  reveal  patterns  indicative  of  the 
commencement of the Laramide orogeny in the western 
United States. 

 
Key words: Western Interior Basin, flexure, dynamic 

subsidence, Farallon slab, subduction 
 

References 
Burgess, P.M., and Moresi, L.N., 1999. Modelling rates and 

distribution of subsidence due to dynamic topography over 
subducting slabs: Is it possible to identify dynamic topography 
from ancient strata?. Basin Research, 11: 305–314. 

Cross,  T.A.,  1986.  Tectonic  controls  of  foreland  basin 
subsidence and Laramide style deformation, western United 

States. In: Allen, P., and Homewood, P., (eds.), Foreland 
basins. International Association of Sedimentologists Special 
Publication 8: 15–39. 

DeCelles, P.G., 1994. Late Cretaceous–Paleocene synorogenic 
sedimentation and kinematic history of the Sevier thrust belt, 
northeast Utah and southwest Wyoming: Geological Society 
of America Bulletin, v. 106, 32–56. 

DeCelles, P.G., and Coogan, J.C., 2006. Regional structure and 
kinematic history of the Sevier fold-and-thrust belt, central 
Utah. Geological Society of America Bulletin, 118: 841–864. 

Dyman, T.S., Merewether, E.A., Molenaar, C.M., Cobban, W.A., 
Obradovich, J.D., Weimer, R.J.,  and Bryant, W.A., 1994. 
Stratigraphic transects for Cretaceous rocks, Rocky Mountains 
and Great Plains regions. In: Caputo, M.V., et al. (eds.), 
Mesozoic  systems  of  the  Rocky Mountain  region,  USA. 
Denver, Colorado, Rocky Mountain Section, SEPM (Society 
for Sedimentary Geology): 365–392. 

Fouch, T.D., Lawton, T.F., Nichols, D.J., Cashion, W.B., and 
Cobban, W.A.,  1983.  Patterns  and timing of  synorogenic 
sedimentation  in  Upper  Cretaceous  rocks  of  central  and 
northeast Utah. In: Reynolds, M.W., and Dolly, E.D. (eds.), 
Mesozoic paleogeography of the west-central United States. 
Rocky  Mountain  Paleogeography  Symposium  2:  Denver, 
Colorado,  Rocky  Mountain  Section,  SEPM  (Society  for 
Sedimentary Geology): 305–336. 

Gradstein, F., Ogg, J., and Smith, A., 2004. A geologic time scale 
2004. Cambridge, Cambridge University Press, 589. 

Gurnis, M., 1992. Rapid continental subsidence following the 
initiation and evolution of subduction. Science, 255: 1556–
1558. 

Hettinger, R.D., and Kirschbaum, M.A., 2002. Stratigraphy of 
the  Upper  Cretaceous  Mancos  Shale  (upper  part)  and 
Mesaverde Group in  the  southern  part  of  the  Uinta  and 
Piceance Basins, Utah and Colorado. U.S. Geological Survey 
Geologic Investigations Series I-2764, 22. 

Liu, L., Spasojevic, S., and Gurnis, M., 2008. Reconstructing 
Farallon plate subduction beneath North America back to the 
Late Cretaceous. Science, 322: 934–938. 

Liu, L., Gurnis, M., Seton, M., Saleeby, J., Muller, R.D., and 
Jackson, J.M., 2010. The role of oceanic plateau subduction in 
the Laramide orogeny. Nature Geoscience, 3: 353–357. 

Liu, S.F., and Nummedal, D., 2004. Late Cretaceous subsidence 
in Wyoming: Quantifying the dynamic component: Geology, 
32: 397–400.  

LIU Shaofeng, Dag NUMMEDAL and LIU Lijun, 2013. Dynamic Versus flexural Controls of Late Cretaceous Western Interior Basin, 
USA. Acta Geologica Sinica (English Edition), 87(supp.): 572-573. 
 
 

Dynamic Versus flexural Controls of Late Cretaceous Western Interior Basin, USA 
 
 

LIU Shaofeng1,*, Dag NUMMEDAL2 and LIU Lijun3 

 
1 State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences (Beijing), 
Beijing 100083, China 
2 Colorado Energy Research Institute, Colorado School of Mines, Golden, Colorado 80401, USA 
3 Department of Geology, University of Illinois at Urbana-Champaig, Urbana, IL 61801-2939, USA 

 Vol. 87   Supp.                                                                                                                                                                                  

* Corresponding author. E-mail: shaofeng@cugb.edu.cn  

 

572 

ACTA GEOLOGICA SINICA (English Edition)  
http://www.geojournals.cn/dzxben/ch/index.aspx     http://mc.manuscriptcentral.com/ags June 2013 



ACTA GEOLOGICA SINICA (English Edition)       Vol. 87   Supp.      June 2013 

573 

Liu,  S.F.,  Nummedal,  D.,  Yin,  P.G.,  and  Luo,  H.J.,  2005. 
Linkage  of  Sevier  thrust  episodes  and  Late  Cretaceous 
megasequences  across  southern  Wyoming  (USA).  Basin 
Research, 17: 487–506. 

Mitrovica, J.X., Beaumont, C., and Jarvis, G.T., 1989. Tilting of 
continental interiors by the dynamical effects of subduction. 
Tectonics, 8: 1079–1094. 

Pang, M., and Nummedal, D., 1995. Flexural subsidence and 
basement tectonics of the Cretaceous Western Interior basin, 
United States. Geology, 23: 173–176. 

Richards, M.A., and Hager, B.H., 1984. Geoid anomalies in a 
dynamic Earth. Journal of Geophysical Research, 89: 5987–
6002. 

Weimer, R.J., 1983. Relation of unconformities, tectonics, and 
sea  level  changes,  Cretaceous  of  the  Denver  basin  and 
adjacent areas. In: Reynolds, M.W., and Dolly, E.D. (eds.), 
Mesozoic paleogeography of the west-central United States. 
Rocky  Mountain  Paleogeography  Symposium  2:  Denver, 
Colorado,  Rocky  Mountain  Section  SEPM  (Society  for 
Sedimentary Geology): 359–376. 


