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Some of the information in this presentation is preliminary and is 
subject to revision. It is being provided to meet the need for timely 
best science. The information is provided on the condition that 
neither the U.S. Geological Survey nor the U.S. Government shall 
be held liable for any damages resulting from the authorized or 
unauthorized use of the information.

Presenter Notes
Presentation Notes
In this short presentation, I’m going to go over the USGS National Crustal Model geologic framework, which is a significant part of the USGS National Crustal Model.
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OVERVIEW
National Crustal Model (NCM)

Presenter Notes
Presentation Notes
First, let me briefly review the National Crustal Model.



USGS National Crustal Model 
for Seismic Hazard Studies

– Profiles defined on 1-km grid across the conterminous 
United States from the surface to below the Mohorovičić 
discontinuity (Moho)

• Geology and petrology
• Geophysics • K, Bulk Modulus

• G, Shear Modulus
• ρ, Density
• 1/QP, P-wave attenuation
• 1/QS, S-wave attenuation

• T, Temperature
• φ, Porosity

Presenter Notes
Presentation Notes
The USGS National Crustal Model consists of a set of profiles defined on a 1-km grid across the U.S. from the surface to below the Moho with depth-varying estimates of geology and petrology and geophysical information including bulk and shear modulus, density, and p- and s-wave attenuation, which additionally require subsurface temperature and porosity. Though not presently available for all components of the model, quantifying uncertainty in these parameters is a goal.



How is it constructed?
Biot-Gassmann and mineral 
physics theory
   K, G, ρ

Requires
– Three-dimensional (3D) 

geologic model 
– Petrologic and mineral 

physics database
– Pressure, temperature, 

and porosity as functions 
of depth

– Water table depth

Adapted from Aagaard and others (2010)

Presenter Notes
Presentation Notes
Biot-Gassmann and mineral physics theory underpins the geophysical aspects of this model, namely, bulk and shear moduli and density and hence seismic velocity and impedance. Calculating these parameters requires a 3D geologic model, petrologic and mineral physics database, and knowledge about how pressure, temperature, and porosity change with depth. Further, bulk modulus and seismic attenuation is strongly dependent on saturation. Therefore, we also need to know the depth to the water table.



GEOLOGIC FRAMEWORK 
MODEL

National Crustal Model (NCM)

Presenter Notes
Presentation Notes
For the remainder of this lightning talk, I will focus on the geologic framework model.



Near Surface Rock Age

3D Geologic Framework Model
Constructed from:
• Geologic maps
• Depths to significant 

subsurface contacts
– Bedrock, basement, 

mid crust, Moho, top of 
the oceanic plate

• No explicit 
representation of 
faults

Boyd and Sweetkind (in review)

Presenter Notes
Presentation Notes
The 3D geologic framework model is constructed from surface and subsurface geologic maps and estimates of the depths to significant impedance contrasts including bedrock, basement, mid crust, Moho, and top of the oceanic plate. It does not, however, have an explicit representation of faults except as they may be depicted as discontinuities in significant subsurface contacts.





Near Surface Rock Age

3D Geologic Framework Model
• Maps of geology 

and age near and 
below the Earth’s 
surface
– State Geologic Maps 

Compilation
– Geologic Map of North 

America
– Whitmeyer and 

Karlstrom (2007) 
Basement Geology

Boyd and Sweetkind (in review)

Presenter Notes
Presentation Notes
We begin with the USGS State Geologic Map Compilation and Geologic Map of North America for near-surface geology and map of Whitmeyer and Karlstrom for basement geology. Geologic discontinuities are resolved across state and country borders to produce maps of rock type and age free of artificial discontinuity. Additional adjustments are made to the geologic maps to ensure that lithologic units layer as expected. For example, a series of adjacent units may be assigned the same age in the original maps but clearly get younger toward the center of a basin. The age of these units are adjusted accordingly. The figure to the right shows the resulting map of rock age near the Earth’s surface. Quaternary glacial deposits in central North America have been stripped in this map but are added back when constructing the geologic framework. 





3D Geologic Model: Lithology
• Maps of geology 

and age near and 
below the Earth’s 
surface
– State Geologic Maps 

Compilation
– Geologic Map of North 

America
– Whitmeyer and 

Karlstrom (2007) 
Basement Geology

Boyd and Sweetkind (in review)

Near Surface Rock Type

Presenter Notes
Presentation Notes
And this is a figure of the resulting map of rock type near the Earth’s surface. Discontinuities between states due to surficial materials is more clear in this map where you see for example surficial sediments in Kansas that do not appear in Missouri or Nebraska.





Near Surface Rock Age

3D Geologic Model: Subsurface
• Subsurface geology 

built by iteratively 
stripping 
sedimentary and 
extrusive volcanic 
units, ordered by 
age, and then using 
nearest neighbors 
to fill in the gaps of 
age and rock type.

Boyd and Sweetkind (in review)

Presenter Notes
Presentation Notes
The subsurface geology is built by iteratively stripping sedimentary and extrusive volcanic units, ordered by age, and then using an iterative nearest-neighbors algorithm to fill in the gaps of age and rock type. In some cases, for example the Wasatch front where we know Pleistocene glacial deposits underlie younger sediments in much of the basin, but outcrops are insufficient for interpolation, we seed the nearest-neighbor algorithm with this subsurface information.






3D Geologic 
Model: Depth

• Primary surfaces include depth to base of 
Miocene, Cenozoic, Phanerozoic, midcrustal 
discontinuities, and Moho.

• Most surfaces comprised of multiple studies.
• Where no studies are present for the base of 

Cenozoic and Phanerozoic (Index #1), 
depth is a function of distance to older or 
igneous outcrop, scaled based on local 
information.

Boyd and Sweetkind (in review)

Presenter Notes
Presentation Notes
The next step is to place these geologic units at a specified depth. We define several primary surfaces: base of Miocene, Cenozoic, Phanerozoic, two midcrustal discontinuities, and Moho. In subsequent slides, I’ll show you the first three of these. Pretty much all of these surfaces are defined from multiple studies, and the index maps to the right give an indication of the number of studies and their extent for the top three primary surfaces. Where no studies are present for the base of Cenozoic and Phanerozoic (Index #1), the depth is a function of distance to older or igneous outcrop, scaled based on local information, which may come from published geologic cross sections typically constrained by well data. Intermediate surfaces are placed between the primary surfaces such that thicknesses are smoothly varying across the model. 



3D Geologic Model: Depth 
Base of Miocene
• 100’s of meters thick fluvial 

and glacial sediment in the 
central U.S.

• Kilometers thick Miocene 
deposits in the Gulf of 
Mexico

• Kilometers thick 
sedimentary and volcanic 
deposits in the western 
U.S. 

Boyd and Sweetkind (in review)

Base of Miocene

Presenter Notes
Presentation Notes
This is the base of Miocene with 100’s of meters of fluvial and glacially-derived sediment in the central U.S., kilometer-thick deposits in the Gulf of Mexico, and kilometer-thick sedimentary and volcanic deposits in the western U.S.






3D Geologic Model: Depth 
Base of Cenozoic
• Base of Miocene and 

Cenozoic coincide in much 
of the central U.S.

• Atlantic and Gulf Coastal 
Plains host thick 
Paleogene deposits

• Basins along the Rocky 
Mountains and into the 
western U.S. have thick 
Cenozoic deposits.

Boyd and Sweetkind (in review)

Base of Cenozoic

Presenter Notes
Presentation Notes
In much of the central U.S., the base of Cenozoic coincides with the base of Miocene, but along the Atlantic and Gulf Coastal Plains, thick Paleogene deposits are present. Similarly for basins along the Rocky mountains and into the western U.S.





3D Geologic Model: Depth 
Base of Phanerozoic
• Significant role in the 

central U.S. and on to the 
Colorado Plateau.

• Depth unknown in many 
parts of the western U.S.

Boyd and Sweetkind (in review)

Base of Phanerozoic

Presenter Notes
Presentation Notes
The base of Phanerozoic is considered the basement surface for the central and eastern U.S. where it’s depth is relatively well constrained in many areas. This is not the case for the western U.S. Precambrian basement may out crop in limited areas, but how far it dives into the subsurface is not well known.




PROFILE COMPARISONS
National Crustal Model (NCM)

Presenter Notes
Presentation Notes
So how does the NCM geologic framework compare to other geologic frameworks used for geology-based velocity models? 



3D Geologic Model: Comparison
• Seattle profile at 48 N

Stephenson et al., 2017

NCM, v240205
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Presenter Notes
Presentation Notes
In the top figure, I show the geologic model for the Seattle Area that is used to inform a 3D velocity model for the region. There are similarities in that in both models, there is a thin unconsolidated sediment layer overlying sedimentary rock overlying basement. The National Crustal Model includes topography, uses updated information about the depth to bedrock and basement, and incorporates additional variation in geology. Combining this with differences in how we characterize geophysical properties, there are likely to be differences in the expected earthquake ground motions.



3D Geologic Model: Comparison
• Embayment profile at 35 N

Ramirez-
Guzman et al., 
2012

NCM, v240205
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Cenozoic
Cretaceous

Paleozoic
Upper Crust

Boyd and Sweetkind (in review)

Presenter Notes
Presentation Notes
This is a comparison of the National Crustal Model to a geology-based velocity model for the Mississippi Embayment. The same source study is used for the base of Cenozoic and to some extent, the base of Mesozoic. But like the previous example, the National Crustal Model attempts to model additional lithologic variability in the subsurface.



Thank you
For more information, contact:
Oliver Boyd, olboyd@usgs.gov

(km)
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