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temperature anomaly associated with the Farallon remnants at 160 °C. In Late Cretaceous, the recovered Farallon . g -

subduction underneath North America was characterized by an elevated flat-lying oceaninc lithosphere surrounded | “d %\g \fﬁ ,; ’“ w \:? |
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to 1000 km. Both shape and location of the flat-lying slab correlate well with the geologically inferred Laramide Q - L ﬁ K ﬁ BH:%% ﬁ »

fault zone, and this limited region of flat subduction i1s consistent with the notion that subduction of an oceanic - X :

plateau caused the slab to flatten. Besides predicting the formation of the Western Interior Seaway, our model also \\ ~ \ ~o ~ \\

suggests a three-stage postCretaceous uplift process for the Colorado Plateau, during which the Plateau changed its . SN \ v. \\ P e

Data %\; é ’

subS|dence (km)

70

I
N
N =)
o
o
©
o
(@]
o

downward tilting direction from NE in Eocene to SW in Oligocene. Model 95 Ma 85 Ma 70 Ma 60 Ma
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Farallon subduction ourmodel reproduces a flat-lying slab that is shallower and thicker than surrouding structures;
the morphology of this structure correlates well with faulting associated with the Laramide orogeny, and is consistent with the assumption

Ot . sivity; A: adjoint temperature.

» Constrain mantle properties: Application of the adjoint method to real geophysical problems requires a
better understanding of mantle rheology and buoyancy which are crucial to mantle dynamics. This uncertainty
can be overcome by assimilating surface dynamic topography associated with mantle buoyancy into the time-

dependence of mantle convection.

of an oceanic plateau subducted underneath the continent, leading to formation of a large area of flat subduction. A vast halo of shallow
subduction is inferred beyond the flat slab, which, as sinking, produces a broad region of dynamic subsidence that creates the Western
Interior Seaway (WIS).

.~ h: dynamic topography;

.E. One layer mantle: C, &: numerical coefficients.

w2 > OF
_________ Inferred
/- -"-"---"-"-"-"-""=-""=-""-""=-""-""-""-""-""-""-""-""-=-""="-""=-""-"°-""-""-""-""="-"=-"=-"=-"="="="="="=-"=-"=-”"="=""=  r------=-=-= = 5_ o _10_ I 1_5 - _2; 1 compression
I || 15 ' | 134 km
. Inner o .1 Outer ! ! 179 km
' |00P = -0 | |OOp T R ——— | 223 km
| E _oel 11 = ! — 268 km
: é : : o : ——— 313km
| £ -10 | | ——  358km
| 0.8 ‘ g -1.2+ Re.fe.rence \ || 8r I
o) [ | = = Adjoint Method — 60 Ma
| o 0.6 —140 ) . -sBi I 6 ! 220° 300° 320" 220° 240° 280 300° 320
| = T e — | I — —
| = 04 16 Ma (ref) 0 Ma (ref) || 4 . |
| | | 5 10 k_ 15 20 | B )
| 0.2 I 0066 00 %0 .. o | \ >
I . | = : o 00 00 i oo | ‘
| @ || = | eSS | , —‘
| £ || e G | | )4
5 I = Y | i . P
: x . I ey
| ~2.6] [= = Intal 1 = STz |
| T Final || e 1.5 | --- i;go N I \A — B20° T
| e e e R 1| 0 5 10 Tl Q\\
| 16 Ma (SBI) 16 Ma (iteration) Number of iteration || Time (Ma) | _/‘ » A .
Depth = 1300 km .
220 240 260 280 300 320 Cross section @ 41 °N Colorado Plateau cause and timing of subsidence and uplift of the Colorado Plateau have been
TOmOg raphy w _ controversial. Recent low temperature thermo-chornology studies by Flowers et al. [2008] suggest that the Plateau _
borehole namic topography started to uplift in Late Cretaceous and experienced a change in its tilting direction after 35 Ma when the NE side of Dynamic
the Plateau uplift faster than the SW. Our model predicts subsidence and uplift of the Plateau as part of the WIS from Topography (km)
100 Ma to present during which the model does reveal a flip in its tilting direction within Eocene. I B
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Dynamic models .
A standard convection model with imposed plate motions will not lead to a geophysically reasonable subduction geometry. = Dipping: ; NIE NE | ME | SW
This problem can not be overcome either with a different radial viscosity structure or with more adjoint iterations. d 500/ % 2991
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Dynamic models II:

Since we hypothesize that this problem is due to a missing upper mantle slab that connects present
day lower mantle Farallon remnants to the oceanic plate on the surface, we implement a simple stress
guide under the North American plate in which the Farallon slab preferentially attaches to the oceanic
plate as it rises up to the surface. This leads to a reasonable subduction geometry.

1. Inverting for Farallon subduction with the adjoint method provides a new way to constrain basic mantle properties, including
viscosity and mantle buoyancy.

2. The Farallon flat subduction is a natural result of inverting tomography while predicting various stratigraphic observations.
The flat slab reconstructed by adjoint models correlates well with the flat slab inferred from basement cutting Laramide-type
faults in the western US. Morphology of the recovered flat slab is consistent with a subducted oceanic plateau.

3. During the Late Cretaceous, byond the flat portion of the Farallon slab, vast range of shallow dipping slab segments emanate
east and northward with an extent up to 1000 km, which has caused a much broader range of dynamic subsidence over the
North America Craton than previously thought to be within Colorado and Wyoming.

4. Our model quantitatively explains the subsidence, uplift and tilting associated with the Colorado Plateau suggested by recent

low temperature thermochronology study.

5. Inverting seismic structure from present day mantle to the past provides unexpected insights to tectonic events.




