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The geologic template of the plate boundary system is a first order control on its
behavior. The breadth of the system and its variation in evolutionary state provide a
valuable opportunity to access a range of processes and configurations via substitution
of space for time.

Progressively dismembering an andean-style convergent margin built on a late
Proterozoic passive margin




[ JUAN DE FUCA Next SCEC?  NORTHAMERICAN PLATE o
ELALE /”""_"l Guavma Gulf of California P Coast Great e
,/\ = 5 o Guaymas /,/ J ‘.“ ; Uplifted Range Valley Nevada
o S LU.\ . u_ , C dzalian . O?ean Accretionary Fotsare Volcanic Gran,’te
ng?:g/ Angeles s \ 11_. e s M’g}g;gan Sediments Wee Basin Axc Rocks
T Reverangy North Ameri
PACIFIC PLATE PLATE, (,0{,05 o erican
PRESENT > PLATE | Pacific e j == Plate
JUAN NORTH AMERICAN PLATE —.lg‘an Andreas fault straightened Gulf of Calitornia
j gr E e / { d s://www.nps.gov/subjects/geolo ate-
EFE'[_';\L%(E_A \ 1_.}!\ /\llgtll‘.\ /’ il / Tres Marias ' re“c‘:o;:i/cs-sdbgué?ior{-zoiﬂesfh(?n foovpat
s M ‘ \ : /. Islands
/i S
SAN GREGORIO- ;’::;;: e
HOSGRI TREND unbent Andean plate boundary—simplified model
PACIFIC PLATE I
— « San Andreas system cuts obliquely across

__—— NORTH AMERICAN PLATE - « Southern Cascadia as remainder

[Los Angeles  Trench

-——ol » - Baja California transfer at ~5 Ma

JUANDE FUCA

PLATE Oftshore {
/ faulting : )
// COCOS | Rectilinear
PACIFIC PLATE .P.';ATE , fault-active Rectilinear
transtorm fault fault
10 Ma | |
NORTH AMERICAN PLATE Fossll <+ Orogenic core ————* Foreland
: -— a{n::na:lc:uruslr',l —_— ———Fold-thrust belt —'I-"— Basement —»
O Los Angeles complex . Ancient lifts
-y s \ | San Andreas Coast Great Sterra Nevada, continental arc Fold-thrust belt -
A Hmt fold  e——— Basin and Rangg —————— ;
- o A ] Salinia ®|® Ranges Valley g Rocky Mountains
JUAN:DE FUCA Continental TN \\W g = w
AL P COCOS PLATE e
) - 0 300
PACIFIC PLATE [ =] opnioiite —
20 Ma m
[ §oame o Moores & Twiss, 1995
NORTH AMERICAN PLATE /\ Spreading center

_— Future

O Los Angeles <
Trench | \ coaslline

—A—4_  Subduction zone—Dashed where approx-
imately located. Sawteeth on upper plate

A T - ——— Fault—Dashed where approximately located.

L A s U SGS ’ O M Mendocino triple junction
P_P_1_ 5_1_ 5 ’ ‘ o R Rivera triple junction

Arrows indicate direction of relative
movement

FARALLON
PACIFIC PLATE

30 Maﬂ




https://www.usgs.gov/media/images/geol
ogic-map-north-america

"I, _;_'jl:_mTvn
Fiel

~ TmTumk
o 1)
y—“as‘a i H

science for a changing world




SWP1 RANGE_

(a) M . SWP1_ _ID LEGEND RANGES  ID DIRECTION DISTANCE ROTATION TIME_MY X_COORD_UT Y _COORD_UT  X_COORD_LO Y_COORD
cQuarrie and 2588 25875f Mojave M1 1 0.00 0.00 0.00 0 -1964204.63178 -237101.34245  -117.71142 34,
Wernicke, 2015 2588 2587Sf Mojave M1 1 -65.00 3.00 0.00 2 -1962936.77699  -239820.26581  -117.69092 34.
2588 25875f Mojave M1 1 -65.00 19.83 0.00 4 -1954556.25686  -257792.34923  -117.55567 34,
2588 25875f Mojave M1 1 -65.00 27.83 0.00 6 -1942794.79064 -283014.89494  -117.36670 34,
2588 25875f Mojave M1 1 -65.00 31.83 0.00 8 -1929342.85137 -311862.67180  -117.15178 34,
2588 25875f Mojave M1 1 -67.00 18.57 0.00 10 -1922086.97431  -328956.44693  -117.03258 34.
p 2588 2587Sf Mojave M1 1 -60.00 10.55 0.00 12 -1916811.97431 -338093.01494  -116.95430 33.
2588 25875f Mojave M1 1 -14.00 30.60 0.00 14 -1887120.92509  -345495.82495  -116.62278 33.
2588 25875f Mojave M1 1 13.00 50.75 0.00 16 -1837671.64430  -334079.55894  -116.12705 34,
B 2588 25875f Mojave M1 1 24.00 42.51 0.00 18 -1798836.82690 -316789.18424  -115.75538 34.
2588 25875f Mojave M1 1 35.00 34.45 0.00 24 -1770617.03897 -297029.47601  -115.50056 34,
q 2588 25875f Mojave M1 1 -111.59 0.00 0.00 30 -1770617.03897 -297029.47601  -115.50056 34,
2588 25875f Mojave M1 1 -111.59 0.00 0.00 36 -1770617.03897 -297029.47601  -115.50056 34.
2580 25795f Mojave M2 2 0.00 0.00 0.00 0 -1924595.87293  -231547.50851  -117.30358 34.
2580 25795f Mojave M2 2 -65.00 3.00 0.00 2 -1923328.01814 -234266.43187  -117.28315 34,
2580 25795f Mojave M2 2 -65.00 18.83 0.00 4 -1915370.11627 -251332.20750  -117.15521 34,
2580 25795f Mojave M2 2 -65.00 26.83 0.00 6 -1904031.26831 -275648.44543  -116.97369 34.
2580 25795f Mojave M2 2 -65.00 30.83 0.00 8 -1891001.94730 -303589.91450  -116.76623 34.
2580 25795f Mojave M2 2 -69.00 17.43 0.00 10 -1884755.59394  -319862.22134  -116.66018 34,
2
2
2
2
2
2
2

(b) (C] 2580 2579Sf Mojave M2 -60.00 10.55 0.00 12 -1879480.59394 -328998.78935 -116.58209 34.
2580 2579Sf Mojave M2 -14.00 30.60 0.00 14 -1849789.54472 -336401.59935 -116.24991 34,
2580 2579Sf Mojave M2 13.00 50.75 0.00 16 -1800340.26393 -324985.33334 -115.75219 34.
2580 2579Sf Mojave M2 25.00 36.11 0.00 18 -1767613.48974 -309724.58791 -115.43913 34.
2580 2579Sf Mojave M2 35.00 34.45 0.00 24 -1739393.70181 -289964.87968 -115.18294 34.
2580 2579Sf Mojave M2 170.24 0.00 0.00 30 -1739393.70181 -289964.87968 -115.18294 34,
2580 2579Sf Mojave M2 170.24 0.00 0.00 36 -1739393.70181 -289964.87968 -115.18294 34.
| Movement table (supplemental documents)

Figure 1. Schematic diagram illustrating

the method of using regional structural GSA Data Repository item 2005200, Appendis
. . . . . 1, Movement Table, paleogeographic maps, and

con Str aln tS tO ll m lt p 0S Slble dlsp la cemen t ArcGIS files (shape files for each reconstructed time
step), is available online at W\\w.geosociety.org\‘

paths in tectonic reconstructions. See text PURTZNOS im,or on fequs fom g

Box 9140, Boulder, CO 80301-9140, USA

for discussion and explanation of letters.






L 16+2 distance (km) McQuarrie and
/ 0-18 age(Ma) Wernicke, 2015

W Outcrops of the mid-Miocene Eagle Mountain Formation
@ Distinctive megabreccia clasts in Frenchman Mountain from Gold Butte
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|:| motion not constrained by data
|:| motion constrained by fault data
B  color change indicates when faults are active

MeQuarrie and Warnicke, 2005, An Animated Tectonic Reconstruction
of Sputhwestern Morth America since 36 MA; Geosphere, v. 1, no.3,
doi: 10 113WGESDO016 1
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Figure 20. Temporal relationships between tectonics, sedimentation, and ero
sion in the Grand Canyon region, Arizona, during Laramide and post-
Laramide time
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Decollement at Base
of Colorado Plateou

Figure 14. Cartoon illustrating tectonic erosion and subsidence along the
southwestern edge of the Colorado Plateau over extending shear-bounded
lenses in Late Oligocene-Early Miocene time. Lense concept from Hamilton
(1982). Heavy arrows show absolute motions within the Basin-Range and
Colorado Plateau provinces. Fine arrows show relative motions between
shear surfaces. Notice that the relative motion between the lenses causes the
crust to both thin and lengthen. Vertical scale greatly exaggerated, particu-
larly at top



3D view from south of Tucson (1990




3D view of Paradise Valley area (1990)
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Initiation

Termination

\/// Main phase

Figure 4: An idealized sequence of landforms developed during evolutionary stages of the Basin-Range disturbance in
Arizona (from Menges and Pearthree 1959). Many of the ranges in the area developed as a fault bounded range during
the extension of the Basin and Range disturbance and owe their current form to the culmination of such a sequence of
events., The throughgoing drainage depicted in the termination phase would be the Salt River and other large rivers of
the greater Phoenix area.
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Pacific-North America Plate Tectonics of the Neogene Southwestern United
! States: An Update

Mendocino F. Z.

—
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300 — 400 N Article in International Geology Review - July 2010

DOI: 10.1080/00206819809465216
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Northeast Pacific and Western
North American Plate Tectonic
History, 38 million years ago to
Present (Atwater, et al.,
http://emvc.geol.ucsb.edu/2_infop
gs/IPAWNACal/bNEPacWNoAmer
.html)










High-resolution reconstructions of
Pacific—North America plate
motion: 20 Ma to present

/0% increase in relative velocity: 30
mm/yr at 19.7-18.7 Ma to 52 mm/yr
at 12 Ma

Relative plate motion rates since 8
Ma within 2% of average at
47.8+0.7 mm/yr

24° clockwise rotation with 5-7°
since 5.2Ma.

Oblique convergence beginning at
5.2 Ma induces transpression
consistent with onset of folding and
reverse faulting in Central CA

DeMets and Merkouriev, GJI, 2016

Interval rates (mm/yr)

Interval plate directions (CW from N)

- |
i | | 1
52 4 — —“%(?7_7——4— — ==
I 5
48 -
TR _I = - %::
44 - I I
] ' |
40 | |
: ————— J
36
== Doubrovine & Tarduno (2008)
32 4= - Wilson et al. (2005)
- — Atwater & Stock (1998)
g - === Noise-reduced PA-NA (Table 6)
® Bestfitting PA-NA
] I T 1 I )
0 Ma 5 Ma
-30 .

15-20° CW change
(Argus & Gordon 2001)




First order segmentation of the plate b
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oundary system (Allen, 1968):
~300 km long 1906 and 1857 earthquake along SAF anchored by bends
Abundant microseismicity and creep in SE, central, and NW

Breath of deformation includes Eastern California shear zone and Walker Lane,
reverse faults of the Coast Ranges and Transverse Ranges, and distributed shear
across the Borderland, San Francisco Bay region and northern Coast Ranges
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Plate boundaryl shearing and seismicity (Kreemer, et al.)

« Marked changes in the degree of strain localization, fault continuity, heat flow, stress state, and the
mode of strain release

« Anthropogenically driven deformation and seismicity

Growing access to earth observation data and refined networks and processing to enhance
understanding of the active system, including earthquake early warning
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Northern Gulf of California and
Salton Trough rift

Major earthquakes and
abundant microseismicity and
fault creep

Modulation of crustal stresses
from water level variation in
Lake Cahuilla/Salton Sea and
from anthropogenic
manipulations associated with
geothermal energy production
Normal faulting, rapid
subsidence, high heat flow,
and voluminous sediment infill
by the Colorado River delta
characterizes new crust
formation within the axial rift

Zone.
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A coammedda ticn of transtension in
absemeoe of sy majed strike-siip faults
in gt Wallier Lang

Block rodations produing beft Lateral
fauiis and basirs in Ceniral Walkir Lanse

.FT" .. ‘.I,k _,1 .

Pastitioning of oblique slip cn parailed strike-
ip and cip-dip faults of Sieman Bange Front

Seismicity, faults, and geodetic veclors along the Walker Lane - Easlern California Shear Zone with sketches illustrafing how Pacific-North America
motion is accommodaled along ils length. Dala from: USGS, 20203, USGS, 2020b; and Zeng and Shen, 2016.

c.f. The Walker Lane: A Potential Target for SCEC Studies?, Wesnousky

Walker Lane and
Eastern California

Shear zone

Numerous historic
MG-7 earthquakes
Transtensional
contrast to Coast
Ranges
Geometric
complexity

Young and
distributed faulting
Strong heat flow and
crustal thickness
contrasts
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Figure 11. Placement of the Mendocino edge of the subducting Juan de Fuca plate beneath the Sierran-Great Valley
block, 20 Ma to present. Drift of oceanic plates are interpolated from our circuit solutions; displacement of the
Sierran-Great Valley block drawn following Wernicke and Snow (this issue): shape of the Mendocino edges 6-0 Ma
from Wilson (1989). Light gray coastline and state boundaries are given in their present day locations for
orientation, only.

Atwater and Stock, 2010
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‘ Mendocino Triple Junction (MTJ): northern

San Andreas Fault system links to the

A AR
4/ 4+ Blanco Transform and the southern

Cascadia Subduction zone
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Area of high moment release and rapid
rock uplift

Northern Coast Ranges are a broad
mountain belt formed of uplifted Franciscan
formation rocks and supported dynamically
by upwelling mantle behind the migrating
Gorda slab.

Important template for understanding the
seismotectonic development of areas to
the south

High heat flow, abundant microseismicity,
fault creep, and geothermal energy
production
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>39.6 million people & >$3 trillion economy
>60% of US Annualized Economic Losses
Great risk to large population centers in NW Mexico
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