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The Basin and Range Province 

 

The Basin and Range Province displays the characteristic landscape of what is 

known as Basin and Range topography. Governed by sub-parallel ranges intervened by 

adjacent basins, the topography’s appearance on a map was suggested to resemble “an 

army of caterpillars crawling northward out of Mexico” by Clarence Dutton (King. 

Geologists have long debated the origin of the formation of the Basin and Range 

topography and have spent much time examining the structural products for any clues. 

Many believed that the topography was simply a result of erosional processes acting upon 

folded and faulted rocks in an arid climate (King, 1977). However, G.K. Gilbert 

suggested that faults bordered the ranges causing them to have been raised and tilted 

(King,1977). At first many of his fellow geologists were skeptical of his suggestion, 

pointing out that faults could be present even if they did not relate to the formation of the 

topography. Also it was noted that if faults really did border the ranges, they would be 

hidden beneath the erosional deposits in the piedmont areas (King, 1977). It is now 

universally agreed that the Basin and Range topography is a result of partially buried 

fault blocks that have been produced by the extension of the region initiated during the 

late Cenozoic time. The cause of this extension is still controversial; however there has 

been much agreement that asthenospheric upwelling has been an important part. In recent 

years, geophysical technologies have greatly improved our understanding of the 



importance of tectonic processes involved with the formation of the Basin and Range 

province. 

The Basin and Range Province is located in the western United States, and 

includes approximately 800,000 km² of area extending from southern Oregon and Idaho 

through most of Nevada, and parts of California, Arizona, Utah, and New Mexico to 

northern Mexico (Eaton, 1982).  Characterized by north-south trending alternating 

mountain ranges and sediment-filled valleys, the province is situated in the western part 

of the North American Cordillera which is comprised of the Mexican lowlands, and all 

the mountain ranges and plateaux west of the Great Plains (see figure 1)(Allaby et al., 

1999). The term Cordillera is derived from “cord” or “rope” in Spanish, and is used to 

describe a “chain” of mountains (King, 1977). In the east the province is next to the 

Colorado Plateau and the Rockies, while in the west it borders the Sierra Nevada 

mountain chain. Many of the internal ranges are long and slender, parallel in relation to 

one another, and display tilted rock strata in a block-like structure.  The average elevation 

of the Basin and Range Province is approximately 1400m; however the eastern and 

western boundaries are characterized by lower elevations (Ellis et al., 1999). In 

comparison to its bordering counterparts, i.e. the Sierras, the Rockies and the Colorado 

Plateau, the province overall is relatively similar in elevation.  

The Basin and Range Province has been divided into five physiographic sections, 

the largest and most infamous being the Great Basin (Eaton, 1982). This landmass is 

characterized by an isolated interior drainage system, meaning that its surface water does 

not drain to the sea, but rather into interior lower-than-sea-level basins. The Great Basin, 

as one may assume, is not actually a single basin but rather a combination of 200 or more 



separate hydrographically closed areas (Eaton, 1982). The landforms present in the Great 

Basin are most notably alternating mountain ranges intervened by basins, however a 

number of secondary landforms exist among them. 

Running along the long axis of the majority of the ranges is a central drainage 

divide from which pertaining catchment features originate (Ellis et al., 1999). The place 

where corresponding basins and ranges meet is not distinctly defined because erosional 

processes have deposited material along the range flanks. The present climate in the basin 

and range is arid; annual precipitation is less than the amount of water that would 

evaporate and be transpired by plants if the water supply were infinite (Allaby et al., 

1999). Although rainfall is scarce in these dry regions, when it does occur it can have a 

catastrophic effect upon the landscape.  The surface and groundwater systems derive their 

water from a recharge area high in the mountains. From here surface water travels down 

towards the adjacent valley, while groundwater percolates down through porous rock 

towards underlying aquifers. As surface water makes its way to the valley, it 

mechanically breaks down rock and transports it further down the mountain. These 

deposits form the piedmont area, an area characterized by landforms created sedimentary 

deposits (Allaby et al., 1999). These include bajadas; extensive plains of unconsolidated 

rock debris resting again the foot of the mountain. Typically a bajada is created by the 

combination of a number of alluvial or debris-flow sedimentary deposits congregating at 

the margin of the basin and the range (Allaby et al., 1999). These landforms are easily 

recognizable by their poorly sorted gravel composition and concave-upward shape that 

slopes smoothly towards the level basin (Eaton, 1982). Low fault scarps that run parallel 

to the range front and alluvial fans at the outlets of canyons interrupt these landforms 



sporadically. Fault scarps originate when the movement of a fault offsets the overlying 

strata. This results in one side standing higher than the other similarly to a step or a cliff. 

Due to the overlying strata being composed of unconsolidated material, the scarp tends to 

be easily eroded away.  

Discharge areas associated with Basin and Range topography are generally 

occupied by playas. Playas occur in the lowest part of the adjacent valleys, and exhibit 

shallow lakes characterized by high chemical concentrations of crust-forming minerals 

(Allaby et al., 1999). The dry and arid climate associated with the Great Basin causes a 

major flux of water out of the lakes in the form of evapotranspiration (Güler, 2004). The 

water that enters these shallow lakes contains salt-forming minerals such as halite, natron, 

borax, thenardite, mirabilite and trona (Allaby et al., 1999). When the water evaporates 

these minerals remain and form a large layer of salt on the basin surface, resulting in salt 

flats such as those present in Death Valley.  

The dominant physiographic structure of the Basin and Range Province is the 

result of a series of normal fault-blocks, most of which are tilted either to the east or west. 

The results of such are horsts (high ends of tilted fault blocks) that form the characteristic 

north-south trending ranges and grabens or half-grabens (lowered ends of tilted fault 

blocks) that form the intervening down-dropped valleys. These faulted blocks of crust are 

composed of rocks that date back before the Cenozoic time, some of which are extremely 

deformed. During the early Cenozoic, and most likely also before, the crust underlying 

the Basin and Range area began to uplift and crack brittley due to upwelling. The 

cracking formed numerous faults, some of which protruded deeply into the crust. This 

point in the formation of the basin and range is controversial; however one tends to 



believe that the extension would have caused informal deformation in the form of listric 

faulting. This form of faulting consists of numerous smaller faults deriving from a larger 

extensional fault that curves at depth into a flattened horizontal zone of displacement 

(Allaby et al., 1999).  

Generally faults within the basin and range are located at the borders of the main 

ranges, however other less important faults are present throughout the region. Fault’s 

contribution to the basin and range is primarily as initiators to the creation of fault-block 

mountains. However most likely these faults were in place prior to the Cenozoic 

extension and thus were reactivated by asthenospheric activity. Similarly to faulting, 

volcanism is widespread throughout the Basin and Range. The most recent activity has 

occurred along the bordering edges of the range and it appears to have migrated north-

westerly.  

 One may be able to infer from the physical topography of an area the mechanism 

by which it was formed. It was by this method that G. K. Gilbert proposed the presence 

of faults along the edges of ranges and how they produced the infamous topography. 

However, the study of relating geophysical properties such as seismology, gravity, 

magnetism, heat flow and geochronology enables one to support their inference with 

concrete evidence in the form of quantitative data. To understand what mechanisms are at 

work under and around the Basin and Range one needs to know more about the larger 

tectonic processes affecting the area. To do this geophysical studies have and must 

continue to be performed to increase understanding of the subsurface. Such questions 

might include: what evidence is there to prove that the Basin and Range is continuing to 

extend? Geologists have been keeping track of the magnitude of extension through the 



use of GPS equipment and have coupled this data with other geophysical evidence. 

Estimations of the total amount of displacement in the province range from 60 km to 

approximately 300 km since its initiation, while possible extension rates for the Great 

Basin are about 1-5 cm per year (Moores et al., 1995).  

 There is a distinct relationship between heat transfer and tectonics that is based 

upon the process of thermal conduction within the earth. Heat is constantly being lost 

from the earth’s interior due to the existence of a temperature gradient. The presence of 

solid state tectonic plates on the outside of the spherical earth affects the rate and way in 

which thermal conductivity occurs (see figure 2). Continental crust is usually thicker and 

less dense than oceanic crust, and thus would tend to display a lower seismic velocity and 

lower heat flow. However, high heat flow (~90mW/min²) in the Basin and Range 

province indicates that the crust below it is thinner than usual (~65km) (Liu, 1998). One 

measures the heat flow, also known as heat flux, by first measuring the temperature 

difference between two points a known distance apart. Secondly, one must measure the 

thermal conductivity of the rock material within which the two points were located 

(Moores et al., 1995). The general heat flow of continental crust is lower than that of 

oceanic crust, implying that it varies depending upon the tectonic environment. Areas 

characteristic of volcanic activity or extending terranes, such as the Basin and Range 

province, tend to have high heat flows (Moores et al., 1995). Generally, when an area of 

the crust is thick a low heat flow will be exhibited; heat flow is proportional to crustal 

thickness. High heat flow in the Basin and Range province indicates the presence of 

hotter, less dense material close to the surface and thus implies that mantle upwelling is 

occurring.  



Additionally to heat flow, one can measure the seismic velocity so as to learn 

about the density and elasticity of the rocks forming the crustal structure. Velocities are 

assumed to increase with depth within subsurface structures, due to the pressure of 

overlying material. Thus one would presume the velocity to steadily increase as it works 

its way down through the rock to the presumed boundary of that layer. However in the 

case of the Basin and Range, there is a low velocity zone located right below the crust. 

One would infer from its presence that lower density asthenosphere is welling up and 

eating away at the base of the continental lithosphere. This upwelling of mantle material 

is directly related to the stretching and thinning of the basin and range region, causing a 

‘soft-spot’ in the North American plate.  

The thinness of the lithosphere below the Basin and Range and the overall 

elevation of the region are inconsistent with the general pattern of isostacy. Isostacy 

relates differences in topographical elevation to the depth and density of the supporting 

lithospheric material. In the case of the Basin and Range the reasonably high elevations 

would imply that the supporting crust would be proportionally thick and dense. However, 

geophysical studies have shown that this is not the case. One way of explaining this 

phenomenon would involve the thin Basin and Range crust floating on top of extremely 

low density mantle material.  

The role of upwelling mantle material in the extension of the Basin and Range is 

universally accepted; however the cause for this is still undecided. Studies of major 

tectonic plates propose the upwelling to be a result of the subduction of parts of the 

Farallon and Pacific plates. Separated by the East Pacific Rise, the Pacific and Farallon 

plates were present west of North America during the middle Cenozoic era. About 29 



million years ago the East Pacific Rise (a spreading oceanic ridge) began to subduct 

underneath the western border of the North American plate. Spreading ridges are a direct 

source of new oceanic material and thus are areas of mantle upwelling. The presence of 

this spreading ridge somewhere below the Basin and Range province is most likely as is 

its contribution to the regions topography.  

 Vast improvements have been made in understanding the formation of the Basin 

and Range; however there are still many things still to be studied. Large-scale studies 

involving tectonic plates and processes should continue to take place. However, it has 

been noted that studies of the Basin and Range have paid less attention to the topography 

of individual mountain ranges, than that of the overall structure (Ellis et al., 1999). If 

studied, the superficial morphology of the individual mountain ranges could lead one to 

learn more about the tectonic and climatic conditions that have shaped them.  
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