The American Cordillera:
A Long Journey Through Time & Space
Part III:The North American Taphrogen

Lecture 25: April 25, G. Zandt
An overview of the collapse of the American Cordillera
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Some of the Big Questions
• What caused the extreme inboard migration
of deformation and magmatism during the
Laramide? [Flat Slab]
• What caused the mid-Tertiary extensional
collapse and ignimbrite flareup? [Slab
Rollback]
• Why is the extension and associated
magmatisn separated into two domains with
different spatial-temporal evolutions?
• How did the Colorado Plateau escape
significant deformation and magmatism
during both periods?
Major questions we want to address today.
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North American Cordillera

Topography is the first-order expression of orogeny, and high
topography extends half way across the continent (>1000 km). And it
remains high despite significant extension which normally leads to
subsidence.
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Western US
today

We will follow Dickinson (2002) in this review of the Cordilleran
taphrogen. He follows Sengor in dividing the Basin and Range
taphrogen into the Numic and Piman subtaphrogens. Black bodies are
core complexes with arrows indicating direction of vergence (movement
of upper plate). We will focus today on the relationship between the
subtaphrogens and the Colorado Plateau–Laramide Rocky Mountains.
Dickinson, W. R., The Basin and Range Province as a Composite
Extensional Domain, Int. Geol. Rev., 44, 1-38, 2002.
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The tectonic evolution of the Cordillera can be
divided into 7 frames (Coney):
1) Formation of the continental margin in late Precambrian time
and development of the Cordilleran passive margin.
2) Mid- to late Paleozoic brief orogenic events (Antler, Ancestral
Rockies, Sonoma orogenies).
3) The "neutral" convergent margin of the early Mesozoic.
4) Start of the main Cordilleran orogeny in the Late Jurassic into
Late Cretaceous.
5) The Laramide orogeny (Late Cretaceous to Eocene).
6) The mid-Cenozoic period of "ignimbrite flare-up",
metamorphic core complexes, etc.
7) The Late Cenozoic Basin and Range rifting- San Andreas/
Queen Charlotte transforms.
Today’s focus is on the following two periods of the latter half of the US
Cordilleran tectonic history:
5) The Laramide orogeny (~75Ma to ~35 Ma), and
6) The mid-Cenozoic period of "ignimbrite flare-up", metamorphic core
complexes, etc. (~50 Ma to ~18Ma)
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W. North American FTB and Basins
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DeCelles, 2004: This is one of the best exposed, although mostly dead
FTBs, especially in the Wyoming-Utah Sevier FTB. The FTB extends
well into Nevada and southern CA. This region includes older FTB’s
such as the Luning-Fencemaker Thrust Belt as well as being the
extended hinterland of the Sevier belt. Another complication is the
presence of the Laramide foreland deformation province. This is a
structurally partitioned foreland with significant deformation that can be
considered a part of the larger FTB. The red box outlines the area
shown in the next slide.

DeCelles, P. G., Late Jurassic to Eocene Evolution of the Cordilleran
Thrust Belt and Foreland Basin Systems, Western U.S.A., Am. J. Sci.,
304, 105-168, 2004.
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The Laramide Orogeny
80-75 Ma

75-70 Ma

60- 55 Ma

45-40 Ma

Kinematic history of the Rocky Mountains foreland and adjacent areas
based on structural, paleomagnetic, and stress data (Bird, 1998). This
not a model result but rather a smoothed fit of data to illustrate surface
velocities during these time periods (I.e., Laramide GPS
“measurements”). Faults are active where there are discontinuities in
the surface velocity. At about 75 Ma deformation starts to affect the
Sevier foreland, but Sevier deformation continues well into the
Laramide (75-55Ma). During this period, note the partitioning of surface
velocity between the ENE direction in the Sevier area and the NNE
direction in the Laramide area.

Bird, P., Kinematic history of the Laramide orogeny in latitudes 35-49N,
western United States, Tectonics, 17, 780-801, 1998.
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From DeCelles (2004): Mid-crustal rocks in the interior of the thrust belt
began to experience significant exhumation and cooling, presumably in
response to crustal thinning by extension, during
Campanian—Maastrichtian time. This extension produced no known
surface-breaking faults, and may have been restricted to mid-crustal
rocks. Coeval with extension in the hinterland region, major thinskinned thrust systems propagated eastward into Wyoming in the
frontal Sevier belt. The contemporaneity of frontal thrusting and internal
large-magnitude extension is consistent with the idea that the
Cordilleran orogenic belt reached a limiting elevation or crustal
thickness and began to gravitationally collapse during Late Cretaceous
time. By Late Cretaceous time, the paleogeography of the Cordilleran
thrust belt in the western U.S.A. was characterized by a broad, lowrelief, high-elevation hinterland plateau (the “Nevadaplano”) and a
topographically rugged frontal thrust belt. Nonmarine and marine
depositional systems alternated in time, and marine transgression
coupled with high sediment flux sporadically inundated and buried the
frontal part of the thrust belt.
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Pre mid-Oligocene
(~55-30 Ma)

Dickinson’s 2002 paper is based on 4 maps showing the tectonic
setting at critical intervals from ~55 to 5 MA. The first map is for the
period during the waning stages of the Laramide orogeny. Deformation
north of central Wyoming ceased by ~50 Ma. In the north, between 55
to 30 Ma, the arcuate volcanic front of the Cordilleran magmatic arc
retreated rapidly SSW from its furthest inboard position. In Colorado
and New Mexico, Laramide deformation continues until ~35 Ma, and is
followed by a westward retreat of the volcanic front. The retreating
volcanic arc and the associated core-complex extension are the primary
manifestations of rollback tectonics.
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mid-Oligocene to
late Early Miocene
(28.5 Ma- 17.5 Ma)

This period is a transition in the north from rollback tectonics to the reestablishment of normal-dip subduction, initial ridge-trench contact ~28
Ma and the formation of a growing slab window. In the south, slab
rollback affected much of SW Arizona and NW Mexico. The SW
Arizona core complexes were active during this period.
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late Early Miocene
to late Middle
Miocene
(17.5 Ma- 12.5 Ma)

By 17.5 Ma, a proto-San Andreas fault was established. Extension
occurred in the Numic region primarily behind the ancestral Cascades
volcanic arc. During this period, the Columbia River basalts were
erupted and the Yellowstone hotspot track was initiated.
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late Middle
Miocene to earliest
Pliocene (12.5 Ma5 Ma)

The Piman subtraphrogen became active ~12.5 Ma as the Rivera triple
junction migrated rapidly southward. Extension was active until ~6 Ma
when the Gulf of California started to open. Extension in the Numic
subtaphrogen continues.
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Denudation of Core Complexes

Areal variation in timing of tectonic denudation of selected core
complexes (from Dickinson, 2002). The 37.5 parallel separates two
regions of oppositely migrating core complex denudation.
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A plot of the areal variation in timing of transition from thrusting to
extension in the northern Cordillera (from Constenius et al., 2003). Note
the rapid transition at the 41 parallel.
Constenius, K. N., R. P. Esser, P. W. Layer, Extensional collapse of the
Charleston-Nebo salient and its relationshio to spce-time variations in
Cordilleran orogenic belt tectonism and continental stratigraphy, in
Cenozoic Systems of the Rocky Mountain Region, R. G. Raynolds and
R. M. Flores, eds. Denver, Colo.: Rocky Mountain SEPM, 303-353,
2003.

14

These two points of transition are along a NE-SW line north of which is
observed an Eocene transition to extension while compression
continued to the south.
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Another manifestation of this diachronous behavior is observed in the
migration of volcanism to the north and south (from Constenius et al.,
2003). While both patterns initiated prograde migration at the same time
(75 Ma) the northern volcanism started retreat ~50 Ma while the
southern migration did not start retreating until ~35 Ma.
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End of Laramide (~55-40 Ma)

Saleeby, 2003)

Lets go back in time and take another look at the reconstruction of the
principal tectonic elements at the end of Laramide time by Saleeby
(2003). The red box highlights the breached segment of the Cordilleran
batholithic belt. The palinspatic restoration moves the PRB southeast
and restores the Salinian and San Gabriel terranes into the Sierra-PRB
gap. Note how a majority of Laramide deformation is along the
convergence direction concentrated inboard of the breached segment
of the arc. The next figure shows a cross-section along the red line.
Saleeby, J., Segmentation of the Laramide slab – evidence from the
southern Sierra Nevada region, GSAB, 115, 655-668, 2003.
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This section shows contrasting deep-crust–upper-mantle structures for
central and southernmost Sierra Nevada region following Laramide
orogeny, revealing a segmentation in the subducted slab. The
sublithospheric mantle lithosphere is removed and Rand schist is
underplated to the south while the batholithic root is preserved under
the Sierra Nevada (based on evidence from xenolith data).
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Gutscher et al., 1999

A modern example of a segmented slab, although in this case, the
segmentation is between a flat and normal dip segments (Gutscher et
al, 1999). Seismicity (Mb > 4) relocated during 1964-1995 in the
overriding plate along profile AA’. Below is a 3D sketch of a segmented
slab model proposed for this region.
Gutscher et al, The ‘lost Inca Plateau’: Cause of flat subduction
beneath Peru?, EPSL, 171, 335-341, 1999.
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A series of generalized cross sections (from Saleeby, 2003) of the SW
Cordillera plate edge in the region of the Mojave-Salinia segment
showing how the Laramide shallow slab segment deformed the forearcarc region as subduction flattened. Then as subduction steepened with
passage of the trailing edge of the plateau, regional extension
promoted orogenic collapse and forearc breachment of the disrupted
arc segment. Note that the duration of the subduction of the plateau
indicates a length of ~1500 km. Are such large plateaus possible?

20

15

00

km

Shatsky Rise

50

0k

m

Yes, here is the Shatsky Rise, located in the NW Pacific with
dimensions of ~ 500 km X 1500 km.
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Laramide

End of Laramide (~55-40 Ma)
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The premise we will evaluate in the remainder of this presentation is
that a Shatsky-Rise-size oceanic plateau was subducted beneath the
breached segment of the arc and emplaced beneath the Colorado
Plateau and the adjacent Rocky Mountains in Colorado (as represented
by the hypothetical slab depth contours in this figure). This is not a new
idea; it was suggested by Livaccari et al, 1981, Henderson et al, 1984,
Tarduno et al., 1985, and others in the 1980’s. While allowing that
subduction of a large oceanic plateau could have contributed to the
flattening of the Laramide slab, Peter Bird dismissed this model in
his1998 paper because the duration of the Laramide orogeny was too
long. Using the convergence rates, Bird calculates that from 75-35 Ma,
any feature attached to the Farallon or Kula plates moved over 4900 km
with respect to North America, implying such a feature could not be in
position long enough to apply compression to the foreland for the entire
duration of the Laramide. But what if the feature did not stay attached to
the subduction plate? Lets consider this possibility.
Henderson, L. J., R. G. Gordon, D. C. Engebretson, Mesozoic aseismic
ridges on the Farallon plate and southward migration of shallow
subduction during the Laramide orogeny, Tectonics, 3, 121-132, 1884.
Livaccari, R., K.Burke, A. M. C. Sengor, Was the Laramide orogeny
related to subduction of an oceanic plateau?, Nature, 289, 276-278,
1981.
Tarduno, J. A., M. McWilliams, M. G. Debiche, W. V. Sliter, M. C. Blake,
Jr., Franciscan complex Calera limestones: accreted remnants of
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There is some uncertainty about the plate reconstructions of the PacificKula-Farallon plates during this period. Here we show the
reconstruction of Stock and Molnar used by Dickinson where the Kula
plate interaction is confined to the north and does not affect the
Laramide. Other reconstructions (used by Bird) has the Kula interacting
at more southerly latitudes. It may not be coincidence that the MFZ
grew significantly in length during the latter period of the Laramide
orogeny. Could the growth of the MFZ be in response to the
impingement of a large oceanic plateau with North America between
latitudes 30 and 40N?
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Pre mid-Oligocene
(~55-30 Ma)

Now, lets go back and examine Dickinson’s maps with the subducted
plateau model in mind. The red box denotes the subduction corridor for
the subducted and underplated plateau. If this plateau supported flat
slab was in place by ~55 Ma, it would have flattened the slab to the
north as well because the northern “wing” was still attached to the
plateau-buoyed portion of the slab. But because the northern wing was
not buoyant, this slab configuration would highly stress the edge
between the two slab segments. The initiation of rollback volcanism and
related extension to the north may have been initiated by a slab tear
that propagated along the edge. Note that about 1000 km of slab north
of the tear would have sank into the mantle. The arcuate pattern of
retreat volcanism is very reminiscent of rollback volcanism in the
Mediterranean Sea region.
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(Wortel & Spakman, 2000)

Lets review the tectonics of the western Mediterranean. Note the
arcuate convex pattern of the retreating arc and the initial slab tear on
the south side, followed by the tearing on the north side.
Wortel and Spakman, Subduction and slab detachment in the
Mediterranean-Carpathian region, Science, 290, 1910-1917, 2000.
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This map shows the related migration of the volcanism from
Rosenbaum and Lister (2004). The color inset (from Barroul et al., 2004)
shows a recent shear-wave-splitting study that suggests the slab
rollback induces a mantle flow that persists well behind the active front.
Rosenbaum, G. and G. S. Lister, Formation of arcuate orogenic belts
in the western Mediterranean region, GSA Spec. Pap. 383, 41-56,
2004.
Barruol G., A. Deschamps, O. Coutant, Mapping upper mantle
anisotropy beneath SE France by SKS splitting indicates Neogene
asthenospheric flow induced by Apenninic slab roll-back and deflected
by the deep Alpine roots, Tectonophysics, 394, 125-138, 2004.
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If we scale the western Med example, flip it, and rotate it, it compares
very favorably in both spatial (~1000 km) and temporal (~25 Myrs)
scales with the rollback pattern in the Numic province. The migration of
the arcuate magmatic front, pinned on the north end but free on the
south edge suggests the presence of a slab tear along the southern
edge. By tearing, it was easier to rollback. This comparison strongly
suggests a SSW rollback of the Numic wing of the Laramide flat slab.
This is in contrast to the buckling or “taco-style” folding and sinking
suggested by Humphreys (1995). An important difference between the
Med and the WUS is that in the latter, rollback occurred beneath an
overthickened crust. The extension direction of the core complexes is
nearly orthogonal to the rollback direction, suggesting it was probably
controlled primarily by the release of gravitational potential energy of
the N-NE trending Nevadaplano crustal welt as the underlying
lithosphere rolled back. Rollback in the southern Piman region initiated
much later, about 35 Ma and progressed more slowly.
Humphreys, E. D., Post-Laramide removal of the Farallon slab, western
United States, Geology, 23, 987-990, 1995.

27

Where in the slab is detachment
most likely to occur?

(Wortel & Spakman, 2000)

A slab tear is most likely occur between the nonbuoyant segment of the
sibducting slab and the buoyant segment. Although this diagram from
Wortel and Spakman represents a tear between oceanic and
continental lithosphere, one can easily imagine the continental segment
as a buoyant oceanic segment.
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Pre mid-Oligocene
(~55-30 Ma)

This figure shows a compilation of shear-wave splitting fast directions
for the northern Rockies (from D. Schutt) with mantle retreat directions.
Although consistent, the similarity of the retreat direction to the absolute
plate motion of North America makes this comparison nonunique. A
similar interpretation of a delayed rollback of the Piman segment of the
Laramide flat slab can be made. Although not shown here splitting fast
directions are also aligned parallel to retreat direction in New Mexico
but are randomly and complexly oriented in Colorado.
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On the right is Peter Bird’s reconstruction of surface velocity vectors for
the time period 60-55 Ma. This is the time of the highest mean velocity
in the Rocky Mountain foreland and the Colorado Plateau. Note the
small but recognizable clockwise rotation of the Colorado Plateau. Bird
interpreted this as a transition from basal shear from the Kula to
Farallon plates. An alternate interpretation is that the rotation is a
manifestation of the slab tearing along the St. George trend.
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Pre mid-Oligocene
(~55-30 Ma)

Another comparison we can make is with a recent compilation of midlatitude WUS crustal thickness map from receiver function data (from
Gilbert and Sheehan, 2004). Note how the thick crust in the Rockies is
confined to south of the St. George trend. At the latitude of Slat Lake
City, this transition occurs nearly 200 km east of the Wasatch Front, the
surface manifestation of Basin and Range extension, suggesting that
the crustal thickness is largely controlled in this region by mid-Tertiary
Laramide and rollback tectonics.
Gilbert, H. J. and A. F. Sheehan, Images of crustal variations in the
intermountain west, J. Geophys. Res., 109, B03306,
doi:10.1039/2003JB002730, 2004.
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mid-Oligocene to late
Early Miocene
(28.5 Ma- 17.5 Ma)

?
Remnant
Oceanic
Plateau?

Rollback of both the Numic and Piman slabs continued into the Early
Miocene. The Numic retreat rate is much slower during this period
suggesting that perhaps it has detached from the deeper portion of the
subducted Farallon slab. The Piman slab retreats more rapidly from 3025 Ma and pulls off the southwesterly edge of the main Laramide flat
slab segment (the segment behind the trailing edge of the subducted
plateau) leaving behind a deformed remnant of the oceanic plateau
under the Colorado Plateau. This is the time period in which the SW
Arizona and Mexican core complexes was active. The intact lithosphere
left behind protected the CP from rollback extension and magmatism
that affected the rest of the western US. The pink areas represent new
asthenosphere that flowed in, driven by slab rollback, beneath much of
the rest of the western US. The Numic slab that rolled back was much
longer than the Piman slab. Therefore the asthenosphere brought up by
the sinking Numic slab came from much greater depths and hence was
much hotter than the shallower asthenosphere brought up by the
shorter Piman slab. This difference may explain the difference in the
current day elevations of the two regions. In addition, we ask whether
the penetration of the Numic slab through the mantle transition zone
have triggered the CRB-Yellowstone hotspot? By 10 Ma, slab window
opens beneath the southern Sierra Nevada initiating batholithic root
foundering (Zandt et al., 2004). The heavy root sinks into the SWflowing mantle causing SW displacement of the the sinking drip (Zandt
et al., 2003).
Zandt, G., The southern Sierra Nevada drip and the mantle wind
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late Early Miocene to late
Middle Miocene
(17.5 Ma- 12.5 Ma)

slab
window

During this period, the slab window starts to take on significant
proportions. The slab window is filled by the SW flow of asthenosphere
set up earlier by slab rollback. Extension in the Numic subtaphrogen is
active despite its location in the backarc of a reestablished normal dip
subduction zone. This is the same geometry as the Andes, why is this
backarc in extension? In part, there may be some residual gravitation
potential energy acting. Another factor is that the detachment of the
deeper Farallon slab has greatly reduced the sea anchor force on the
front of the subducting slab. Finally, the residual westerly motion of the
rollback asthenosphere is producing a sea anchor force on the back of
the slab, inducing upper plate extension. Finally, the Yellowstone
hotspot may be impinging on the base of North America causing uplift
and extension.
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What happened to the buoyant segment of the slab?

Remnant
Oceanic
Plateau?
Remnant
Oceanic
Plateau?

During the past 12.5 Myrs, the growth of the SAF transform and its
associated broad shear zone dominated the extensional tectonics of
western NA. Nonetheless, the Numic-Piman dichotomy that was
ultimately due to the segmentation of the Laramide flat slab continues
to influence the evolving tectonics. To the north, extension continues
today but is concentrated on the edges of the northern B&R and with an
increasing shear component along the western edge is manifest in the
eastern California Shear Zone. The deep hot asthenosphere brought up
by the rollback of the long Numic slab maintains the high elevations and
intense magmatism in the northern subtaphrogen. To the south, the
opening of the Gulf of California about 6 Ma concentrated extension in
the Gulf region, virtually shutting off extension in the southern B&R.
The relatively shallow and “cooler” asthenosphere brought up by the
relatively short Piman slab rollback is not sufficent to maintain a high
elevation or regional scale magmatism in the extended Piman
lithosphere. The area underlain by the remnant plateau slab should
have low heat flow. Comparing it to the heat flow map shows that the
area has relatively low heat flow except for the Mogollon-Datil and San
Juan volcanic fields, as well as the region of thick crust in the southern
Rockies. These my be regions of localized (or piecemeal) delamination.
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Well, what about the uplift of the Colorado Plateau? This figure
summarizes an analysis by Jon Spencer of the uplift along the CP-RM
corridor that suggest an average uplift of about 1100m occurring about
35 Ma, although the timing is not well constrained.
Spencer, J. E., Uplift of the Colorado Plateau due to lithospheric
attenuation during Laramide low-angle subduction, J. Geophys. Res.,
101, 13,595-13,609, 1996.

35

Spencer’s explanation involved thinning of the preexisting lithosphere
by a flattening Laramide slab and replacement by asthenosphere as it
foundered. He compiled a magmatic migration curve for this corridor but
most of the data points are either from the edges of the Colorado
Plateau or involve small volume volcanics. An exception is the San
Juan volcanics, an area we’ll discuss later. Is there an alternate
explanation consistent with the subducted plateau model?
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Uplift is an important consequence of slab
detachement

(Wortel & Spakman, 2000)

Here is an alternative explanation based on the concept of a
segmented Farallon slab. Note that slab tearing results in the uplift of
the buoyant segment.
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mid-Oligocene
(~30 Ma)

Going back to the mid-Oligocene time frame, note how the slab tears
have propagated past most of the CP-SRM by ~35 Ma. With its “heavy”
wings detached the main body of the plateau-buoyed slab will “pop” up,
inducing uplift in the CP-SRM corridor. Even today, the southern Rocky
Mountains are notably higher en-mass and are bounded by the
proposed tear lines. Young volcanism is today concentrated along the
edges of the remnant slab: the St. George and Yemez trends and in the
Arizona Transition Zone.
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The Big Questions
What caused the extreme inboard migration
of deformation and magmatism during the
Laramide? [Flat Slab]
The combination of the rapid westward drift
of North America (high convergence rate)
and subduction of a Shatsky-Rise-size
oceanic plateau and ensuing flattening of
the subducting Farallon plate. This segment
of the flat slab transferred stress ~1500 km
inboard to the northeastern edge of the
Colorado Plateau.
It is difficult to explain the partitioning of surface velocity between the
Sevier and Laramide areas with a uniform flat slab beneath the entire
western US. The segmented flat slab provides a possible explanation
for the observed partitioning. The buoyant flat segment couples directly
to the upper plate while the nonbuoyant flat segment couples mainly
through the end load normal to the subduction zone. The main
objection to the subducted plateau model was Bird’s observation that
any feature attached to the Farallon plate could not have been in place
long enough to explain the long duration of the Laramide deformation.
But by allowing the detachment of the plateau segment, this objection
can be overcome.
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The Big Questions
What caused the mid-Tertiary extensional
collapse and ignimbrite flareup? [Slab
Rollback]
Subduction of the plateau temporarily
clogged up the subduction zone, causing
the slab on both (north and south) flanks of
the subducted plateau to tear and detach.
The detached portions of the slab sank
rapidly into the mantle initiating
Mediterranean-style rollback extension and
magmatism.

Slab rollback has been a long-standing explanation for this observation.
More recently, Humphreys suggested a buckling style of slab
foundering based primarily on arguments that rollback was
mechanically inefficient. However, comparisons to the Mediterranean
region strongly supports the rollback model. The Mediterranean
analogs also demonstrate the importance of slab tearing (detachment)
in facilitating rollback. The slab tearing helps to explain the detachment
of the buoyant plateau segment, as well as provide an explanation of
the rapid variation in structural style, crustal thickness, and mantle
anisotropy observed across the surface trace of the tears.
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The Big Questions
Why is the extension and associated
magmatism separated into two domains
with different spatial-temporal evolutions?
The Numic (north) and Piman (south)
subdomains correspond in area to the
nonbuoyant flanks (NW and SE of the
subducted plateau) that detached and sank
rapidly into the mantle. The detachment
occurred in the Early Eocene in the north
and Early Oligocene in the south, initiating
rollback tectonics at different times.

Why did the Numic segment detach and rollback first? Perhaps it was a
combination of the geometry of subducted plateau with respect to the
subduction zone, the presence of other plateau segments farther north,
and the younger age of the subducted lithosphere SE of the subducted
plateau. For whatever reason, the Numic segment rolled back earlier
and sank to greater depths than the Piman segment. This difference
can explain the profound difference in the Late Cenozoic extension,
uplift, and magmatic histories of the two regions.
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The Big Questions
How did the Colorado Plateau escape significant
deformation and magmatism during both periods?

During Laramide time the CP was underlain
by the subducted plateau but the horizontal
detachment transferred stress inboard with
minor basal traction. The CP was not
affected by mid-Tertiary extension and
magmatism because the plateau-bouyed flat
slab segment did not roll back. Pieces
around the edges have foundered, either by
sinking of attached non-plateau oceanic
slabs or by delayed partial eclogitization of
the plateau crust.
The precise manner in which flat slab segmentation affects the
deformation of the overlying plate needs further quantitative analysis.
Qualitatively, it seems feasible to produce the partitioning of
deformation between the Sevier and Laramide regions. The lesser
amount of shortening in the CP maybe because it was underlain by the
“flat” portion of the plate interface which acted to transfer stress far
inboard to the “ramp” portion, below the southern Rocky Mountains.
Piecemeal delamination can be called upon to explain the San Juans
and deformation of the underplated plateau lithosphere can explain the
small volume magmatism observed in the CP.

42

Implications
• Laramide-type orogens are relatively rare
because of the required combination of rapid
absolute plate motion and the rarity of a
Shatsky-Rise-size oceanic plateau
• The high elevations of western US is maintained
by a combination of locally thick crust, lowdensity asthenosphere, and remnants (beneath
the CP) of a subducted buoyant oceanic plateau
• Upper mantle flow beneath North America is
controlled, to first order, by the W-SW midTertiary roll back of the non-buoyant flanks of
the Laramide flat slab

>The rapid absolute velocity is required, otherwise even large plateaus
will be accreted to the overlying plate as observed in the western
Pacific.
>Regions of remaining thick crust (> 45 km) are limited to the areas
unaffected by rollback tectonics. Low-density asthenosphere continues
to support the high elevations of the Numic province. The CP and parts
of the SRM are supported by the buoyancy of underplated oceanic
plateau lithosphere.
>This rollback is not accounted for in most (any?) global mantle flow
models, therefore, predictions of mantle flow directions from such
models, especially for the upper mantle, are suspect for the western
US.
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