Highlights of Geodetic Measurement of the Rifting of Continental Lithosphere in the Walker Lane
Western Great Basin, United States
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Are Different Parts of the Walker Lane in
Different Stages of Continental Rifting?
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The Walker Lane is a zone of active crustal deformation in the
western Great Basin which accommodates roughly 25% of the
motion between the Pacific and North America plates. Its con-
temporary deformation, as detected with precise GPS measure-
ments, is predominantly shear with a relatively small component
of extension. This deformation is released through a complex
system of normal, dextral and sinistral faults that describe a dis-
tinct province between the Sierra Nevada/Great Valley (SNGV)
microplate and the Basin and Range. The rate of slip on these
faults and the kinematics of through-going deformation have
been the subject of several GPS studies which are being ad-
dressed using block modeling of the northern, central and south-
ern sections [Hammond et al., 2010; Jha et al., 2009; Bormann et
al., 2009].
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Active transtension in the Walker Lane may be similar to the pro-
cesses that formed basins prior to rifting in the Gulf of California.
It has been suggested that the amount of cumulative offset,and

shorter length of faults indicate that it has a lesser degree of de- T aes o ries «}1;9/ s'_ﬁg.s/\ e . . . . . . . .
velopment than the San Andreas fault [Wesnousky, 2005]. If so e et ms w0 es e es e e v
then the amount of Walker Lane structural development also
varies along strike, and hence different locations in the Walker e N - e A
Lane can stand as proxies for different degrees of structural de- : w e MR A g in and Raprqge’| s ston e ” w | | | | | | | i
velopment of transtensional rifts in continental lithosphere. ;e s N IS LT g T T T Ao o
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There are substantial along-strike variations in geophysical char- a7 i 1
acteristics in the Walker Lane. These include crustal structure, or- 750 e 1
ganization of faulting, geodetically measured deformation char- Il | o _
acteristics, elevation of valley bottoms, amount of cumulative vl .

offset of fault systems, width of the actively deformating zone,
and strain rates. One example of these variations is the high
standing valley bottoms in the northern Walker Lane versus the
below-sea-level bottom of Death Valley in the southern Walker
Lane. On balance these characteristics tend to indicate a greater
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extent of rlftlng in the south COmpared to the north. If these %20 1195 119 118 “ 65 116 1155 115 1145 321 T120 T s 17 6 Tiis 114
variations are related to “degree of development” of a rift, then
the Walker Lane may serve as an extremely fruitful Iocality for the Above) GPS sites of the EarthScope Plate Boundary observatory (PBO), nucleus networks (e.g. Above.) GES Veloc.ities in a North America fixed referenc.e frame. Approxima.tely 10 mm/}/r of de-
. o PANGA and BARGEN), and the Mobile Array of GPS for Nevada Transtension (MAGNET) which is formation is ongoing across the Walker Lane, but the width of the deformation zone varies from
study of the process of continental rifting. operated by the University of Nevada, Reno. MAGNET coverage of the Walker Lane is nearly com- north to south. Black boxes indicate the locations of individual block modelling studies (above Above) Three block models that depict slip rates on faults (left) and the motions of crustal blocks (right) as constrained by GPS
plete at 20 km spacing. A number of the sites, especially those in southern Nevada, have been right). Velocities near San Andreas fault system are omitted for clarity of rates on and east of the data in the northern (top), central (middle) and southern (bottom) Walker Lane. Thickness of black (red) lines is dextral (sinistral) slip
Here we present: established but not surveyed enough to estimate a velocity (above right). MAGNET sites are Sierra Nevada. Most (but not all) of the sites in these network (above left) have been surveyed for rate. Length (?f blue (cyan).llnes indicates horizontal exte.n5|o'nal (thrust.) slip ra'Fe. The bIock.dlspIacement f|gures are a massively
“semi-continuous” in most locations, and are surveyed multiple times per year, but for about 1/3 2.5 or more years, a point at which the velocity is relatively stable. Additional surveys will be nec- exaggerated view of the estimate of long-term block motion (interseismic velocity minus estimated fault locking effects).
of the network are surveyed episodically (yearly or every other year) as funds and logistics essary to achieve uncertainties of <0.3 mm/yr for all sites.
1) The status of geodetic networks in the western Great Basin allow. Our block modeling uses a similar methodology as other recent models of western US deformation (e.g. McCaffrey et al., [2005];
Meade and Hagar, [2005]), but focuses on the Walker Lane, uses a greater number of GPS velocities (e.g. using new PBO data), and

which include the EarthScope Plate Boundary Observatory (PBO)
and the Mobile Array of GPS for Nevada Transtension (MAGNET).

includes a a greater number of blocks to capture the details of deformation.

Below Left) GPS velocities in an oblique view of the northern Walker Lane.
2) Results from modeling crustal blocks motions using GPS Here the velocities are with respect to the nothern part of the Sierra

. Nevada/Great Valley microplate (SNGV), and the projection of the map is
and geologlc data. around the Sierra Nevada/North America Euler pole of rotation. In this figure
velocities parallel to the figure boundary move parallel to the SNGV/NA rela-
tive motion. Colors indicate the magnitude of velocity in this reference frame.

(A) Results for the northern Walker Lane indicate that the greatest rates of slip are farthest west, adjacent to the Sierra Nevada/Great
Valley microplate (SNGV). There is also a concentration of higher dextral slip rates on the eastern edge of the Walker Lane, near the
Benton Springs, Gumdrop and Petrified Springs faults. Normal slip, however, appears to be distributed across the Walker Lane. The
Mohawk Valley Fault, which likely forms the northeast boundary of the SNGV, has the largest slip rate in the model (~2.7 mm/yr).

Below) The intensity of the contemporary shear strain rate (e, - ) is a strong function of latitude in the Walker
Lane (blue line below left,and tensor strain axes below right). This is associated with a widening of the deforma-
tion zone from south to north. There are also more subtle changes in the style of deformation that are marked by
transitions between positive and negative dilatation (green line below). These changes can be seen clearly in the

block models (above right) and may be related to changes in strike of the SNGV/Basin and Range boundary, , , , , o
strength variations in the Walker Lane lithosphere, and/or amount of cumulative slip on the faults that are accom- (B) The central Walker Lane shows less concentration of the dextral slip towards the boundaries, and substantial left-lateral slip in

3) Slmple.estlmates of the. variation in crustal deformation modating the deforamtion the Mina Deflection. This area appears to transfer the high concentration of deformation seen between the White Mountains and
characteristics along the strike of the Walker Lane that may be The figure provides an illustration of the tearing away of the SNGV from the ' the Sierra Nevada, eastward to the Benton Springs/Petrified Springs dextral zone. This modeling is preliminary.
symptomatic of the extent of rifting. interior of the Great Basin, and how this strain is focused near the boundary of

: , T = These variations may be related to “degree of development” of the Walker Lane rift. They and other properties that
the microplate. This deformation is likely a response to misalignment of the

vary from north to south may indicate that the Walker Lane is presently in various stages of rifting that could

easternvbi)upc.jary of tkll—le SNG\L/ le(/lth,\;‘esr?ec’:(t\cl) IIES direction I(I)flmonr(\)n [Udanh’ | eventually lead to more extreme attenuation of the lithosphere. If so the Walker Lane may serve as an extremely
2003]. Velocities near Honey Lake/ Mohawk Valley are parallel to these dextra valuable case study of continental rift-forming processes.

faults, and the gradients in velocity are normal to the faults. In all three of these models corrections have been applied to the GPS velocity field that compensate for the effcts of postseismic
viscoelastic relaxation from 19th and 20th century earthquakes [Hammond et al., 2009; Hammond et al., 2010].

(C) In the Southern Walker Lane the normal and dextral slip rates are roughly evenly distributed between Death Valley,
Panamint/Saline Valley and the Owens Valley, in contrast to the northern Walker Lane.
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