
Dynamics, Structure, and Cenozoic Evolution of the Rocky Mountains
A Pathway to Discovery for the Rocky Mountain Testbed

The Rocky Mountain region is the apex of a broad dynamic orogenic plateau that lies between the stable interior of North America and the active plate margin along the west coast.  For the past 1.8 billion years, the Rocky Mountain region has been the focus of repeated tectonic activity and has experienced complex intraplate deformation for the past 300 million years. During the Phanerozoic, the main deformation effects were the Ancestral Rocky Mountain orogeny, the Laramide Orogeny, and late Cenozoic uplift and extension that are still active. In each case, the processes involved are the subject of considerable debate. 

In order to focus the GEON research effort in this large and complex region, the Rocky Mountain Testbed Team is undertaking an ambitious project to map the lithospheric structure in the Rocky Mountain region in a highly integrated analysis and input the result into a geodynamic model to elucidate our understanding of the Cenozoic evolution of this region. 

Key Scientific Questions for the DYSCERN Effort:

· What is the structure and composition of the lithosphere from the surface to its base?
· What plate boundary processes were at work during the complex Cenozoic intraplate deformation?

· What intraplate processes caused the uplift of the mountains and high plateaus that are seen in this region today?

· What is the influence of old structures on the location and evolution of younger ones?

· What is the source of the extension that caused the Rio Grande rift?

· What is the nature and extent of magmatic modification of the crust in the past 70Ma?

Examples of the data requirements:

· Data on temporal and spatial variations of strain and strain rates, including GPS measurements, slip rates estimated for Quaternary fault movement, and strain history from structural analyses.

· Data on the stress field, both present stresses derived from in situ measurements and earthquake focal mechanisms, and paleo-stresses inferred from fault development and measurement of shear strains.

· Data on uplift history, both with respect to sea level as inferred from proxies of paleoaltimetry, and exhumation of crustal rocks as indicated by the thermochronologic and petrologic data and sedimentary records.

· Data on the history of regional crustal deformation and three-dimensional tectonic boundary conditions inferred from geological reconstructions.

· Data that reveal the thermal history, including present distribution of surface heat flow, paleo-heat flow and volcanism.

· Seismic, gravity, magnetic, and electrical data from which to derive lithospheric structure.
Specific examples of databases and derived products needed

Geological maps


Faults



Geochronology

Petrology/Geochemistry

Gravity anomalies

Magnetic anomalies

Stratigraphy



Basin history


Paleontology

Seismic images/crust


Seismic images/mantle
Physical properties

Stress indicators


GPS



Paleoelevation

Paleomagnetic



Metamorphic history

DEM

Remote sensing


……….

Some examples of major queries

(Identify, characterize, evaluate, locate, determine, ………)

Faults geometry



Role of older structures

Age province boundaries

Events at plate boundaries

Lithospheric structure domains
Stress history

Paleomag evidence of displacement
Basin history

Geochemical domains


Magmatic history

Some examples of specific queries
What is the current strain field derived from GPS measurements

Data – location-> displacement -> velocity -> strain

Where are these data?  UNAVCO

What is the current strain field implied from earthquake focal mechanisms?

Data – arrival times, polarities, waveforms

Where are these data? IRIS, USGS, local seismic networks, individual investigators

What is the current strain field implied from Quaternary faulting?

Data – fault map, slip rate from paleoseismology, dates, geometry/sense of slip

Where are these data? USGS, individual investigators, …..

Some examples of cybertools needed

Visualization for analysis of multiple 2-D data layers and derivatives of them such a wavelength-filtered versions, horizontal derivatives, and slopes

A tool to aid the construction of 3-D models

3-D geodynamic modeling and tools to enter constraints into the model.

A scenario for integrated analysis to arrive at a 3-D model of large scale lithospheric structure

We believe that a realizable goal for the Rocky Mountain region is the construction of a 3-D model of the lithosphere and upper mantle beneath it in which P-wave velocity (Vp), S-wave velocity (Vs), and density are known at moderate levels of resolution (2-20 km cells). This model would be an ideal first step toward mapping the composition, physical state, and geometry of discontinuities of the lithosphere in as much detail as possible. It is also a logical construct into which EarthScope results can be integrated as they become available. At the top of the model, the upper crust, many diverse 2-D data layers could be integrated to add detail. In the mantle lithosphere and below, teleseismic results would be the basis of the model. From the vicinity of the base of the crust to the upper crust, a wide variety of seismic data exist that pose a major challenge in terms of integration. In addition, gravity data are very sensitive to variations in the boundary between the crust and uppermost mantle (the Moho) because of the large density contrast across it in most areas. The data sets are not robust enough to undertake formal joint inversions (data fusion) so a facility to edit the model via forward modeling and extrapolation from nearby areas is needed. In addition, we need a mechanism whereby the constraints that this model and 2-D data such as heat flow can be readily inputted into a geodynamic modeling algorithm. Ultimately, there will be a need to input discontinuities such as seismic reflectors and faults into the model.

In addition to the high performance computing needs posed by the execution of large and relatively detailed geodynamic models, a major tool to test the validity of the extrapolations that would be required is extensive use of the finite difference modeling algorithm that has been made available to GEON by Lawrence Livermore National Laboratory. There have been seismic stations distributed throughout the region for many years. Thus, one can test and refine the model by matching the recorded waveforms of earthquakes and man-made events with synthetic seismograms that are the output of the finite difference modeling algorithm.

