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Figure 4. P-T paths from Great Basin core complexes. (A) P-T-t path envelope determined from an array of
individual P-T determinations from metabasite and metapelite of the East Humboldt Range, from McGrew
et al. (2000). Interpreted decompression is corroborated by decompressional metamorphic reaction textures.
(B) P-T paths from schist of Stevens Spring from the northern Grouse Creek Mountains, northwestern Utah
(location R, Fig. 1). Paths from Hoisch et al. (2002) are shown as solid lines, and paths from Harris et al. (2007)
are shown as dashed lines. Samples came from two zones within the schist of Stevens Spring, upper and lower,
as shown, corresponding to different garnet growth reactions. A1SiO, polymorphic transformations are shown
in solid lines (Pattison, 1992); Ky—kyanite; Sil—sillimanite; And—andalusite. Paths were determined from
simulations of garnet growth zoning, using the Gibbs method on the basis of Duhem’s theorem (e.g., Spear et
al., 1991). Numbers in the upper right corners of both panels refer to location numbers shown in Figure 1.

WELLS & HOISCH, GSA BULL
2008

Reminder of some of the later stage exhumation of rocks—these are found in ranges termed core complexes
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Fig. 1. Interpretative cross sections of two metamorphic core complexes showing features common to many core

complexes: (a) the Harcuvar Mountains in Arizona [after Rehrig and Reynolds, 1980] and (b) the Whipple Mountains
in California with inferred doming removed [after Davis, 19801.

Buck, Tectonics, 1988
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Figure 1. Location map, generalized geologic map and cross section (A - A’) of metamorphic core
complexes (MCCs) of west central Arizona and southeastern California [after Reynolds et al., 1988]. The
Harquahala, Harcuvar, Buckskin, Whipple, Chemehuevi, Sacramento, White Tank, and South Mountains
MCCs represent antiformal arches of mylonitized footwall rocks. Normal-slip, low-angle (dip of 10° - 25°)
detachment faults separate MCC footwall rocks from tilted, hanging wall strata. The Camelback, Vulture,
and Whipple domains represent areas of similar regional dip of hanging wall strata [Reynolds et al., 1988].
MCC footwalls and titled hanging wall strata form a zone of large-magnitude Miocene extension separating
regions that experienced little Miocene extension. These little extended regions include the “Transition Zone
to the Colorado Plateau” and the “region of only minor extension” southwest of the Whipple domain

breakaway zone. Livaccari and Geissman, Tectonics, 200 |

These structures also vary in map view, making doubly-plunging antiforms. Look at one of these (Buckskin) in more detail



Blue in upper right upper plate. Orange is lower plate T pluton, purple at bottom lower plate pC.
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Rawhide Mtns from Swansea site



Red vs green, Buckskin CC



Looking into the fault



Mylonite, Buckskin Mtns



Catalina Mtns, So. AZ



Cataclasite?



Ultramylonite, Catalina core complex (Rincon Mtns)



brittle extension in upper plate
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lower crust

b mantle
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lower crust detachment

Platt, J. Geol. Soc., 2015

So how are these things created? Simple cartoons of some ideas. Look at what the observations were that led to these.
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Fig. 1. Geologic strip map and generalized crustal cross section across the eastern Great Basin. Geologic map modified from Stewart and Carlson [1978] and Hintze [1980]
Stippled areas represent Precambrian to Mesozoic carbonate and clastic rocks, and v represent Tertiary and Quaternary volcanic rocks. Numbered areas correspond to domain
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Gans, Tectonics, 1987

First up, recognition of very variable amounts of extension but flat Moho.
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Fig. 2. (A) The inferred crustal thickness profile of the eastern Great Basin prior to the onset of extensional
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that the E-W dimension corresponds to the width of the transect discussed in the text after the effects of Cenozoic
extension are removed. (B) The predicted preextensional Moho of the eastern Great Basin calculated using two
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amount of new material that is inferred to have been added to the crust during Tertiary stretching. See text for
discussion.
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You push things back assuming vertically uniform deformation and you get craziness.
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Fig. 4. Schematic of a normal fault cutting the entire upper

crust. The base of the upper crust is always at a fixed depth,
as shown by the dashed line.

Buck, Tectonics, 1988
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Fig. 4. Schematic of a normal fault cutting the entire upper
crust. The base of the upper crust is always at a fixed depth,
as shown by the dashed line.
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Fig. 6. Model formulation. (a) shows offset along a
high-angle normal fault; (b) shows flexural response to the
topographic load caused by the offset. The flexure causes
rotation of the high angle normal fault over a flexural
wavelength. In (c) the rotated fault is abandoned and a new
extension of the fault, which is rooted in the lower crust, is
cut through the top of the upper crust.

Buck, Tectonics, 1988
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Fig. 4. Schematic of a normal fault cutting the entire upper
crust. The base of the upper crust is always at a fixed depth,
as shown by the dashed line.
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Fig. 6. Model formulation. (a) shows offset along a
high-angle normal fault; (b) shows flexural response to the
topographic load caused by the offset. The flexure causes
rotation of the high angle normal fault over a flexural
wavelength. In (c) the rotated fault is abandoned and a new
extension of the fault, which is rooted in the lower crust, is
cut through the top of the upper crust.

Te = 0.5 km 6 = 60°

(a)

E 0

=

< 10

o,

@

020
(b)

0 0

=

510

o

)

020
(©)

€ 0

=3

510

a

820 —

20 km

58 = 5°

Fig. 7. Topography and positions of active and abandoned
faults resulting from a calculation with a fault angle 6 of 60°,
an effective flexural rigidity of 0.5 km, and a rotation angle 50
of 5°. A line at 2 km depth is also plotted. Horizontal offsets
of approximately (a) 15 km, (b) 30 km, and (c) 60 km are

shown. There is no vertical exaggeration.

Buck, Tectonics, 1988




Elastic Upper Crust \ \

Fig. 4. Schematic of a normal fault cutting the entire upper
crust. The base of the upper crust is always at a fixed depth,
as shown by the dashed line.
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Figure 2. Schematic diagram of warping and uplift of detachment fault. A: Inception of master
detachment fault and subsidiary normal faults within upper plate. B: After 20 km of extension
an antiformal warp has developed. Shape of warp and amount of uplift are depicted in listric
model of Figure 1 (solid line). Antiform is becoming barrier to movement of upper plate from
left, upper plate in area of synformal warping is becoming inactive, and one-sided denudation
of antiform is about to begin. C: 20 km of one-sided denudation has resulted in further uplift
and initial exposure of lower piate to subareal erosion. Shape of basal detachment fault and
distribution of extension during one-sided denudation resemble planar detachment of Figure 1
and skewed distribution of extension (dashed line, Fig. 1), resulting in subdued arching of fault
surface and ampilified uplift in breakaway area.

Spencer, Geology, 1984




C Detachment fault and mylonitic shear zone initiate
at a high angle and isostatically rotate to subhorizontal
along a“rolling hinge”

DDetachment faults and mylonitic shear zones initiate at moderate to steep angles (40-60°) and rotate to
sub-horizontal via domino-style extension

Singleton & Mosher, ] Struct Geol, 2012
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Based on temp est from quartz deformation in mylonites, argue shear zone initiated as a very flat feature but think that the upper plate faults were much
steeper.



