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Striking cliffs slice across northwestern Arizona. These fault- 
generated escarpments define the transition between two physi- 
ographic zones, the Basin and Range Province to the west and the 
Colorado Plateau to the east (Figure 1). Geophysical evidence 
suggests that the margins of the Colorado Plateau are foundering as 
the main body of the plateau is uplifted (Morgan and Swanberg, 
1985) and that the Basin and Range Province may be expanding at 
the expense of the plateau (Keller and others, 1979). 

The behavior of the faults that formed the escarpments is 
enigmatic because datable, displaced surficial materials are 
commonly absent. Displaced Quaternary alluvium, basalt flows, 
and cinder cones, however, are evident along the Hurricane and 
Toroweap faults on the North and South Rims of the Grand Canyon. 

Documentation of displacement rates, prehistoric earthquake 
(paleoearthquake) magnitudes, and fault segmentation is, there- 
fore, possible. A section of the Toroweap fault near the Grand 
Canyon is particularly useful in determining the behavior of active 
faults in northwestern Arizona. Recent analysis of the faulted 
materials (Jackson, 1990) has shed some light on how tectonically 
active this area may be. 

GEOLOGIC SETTING 

The Toroweap fault, which extends more than 480 kilometers 
(km), is a plateau-bounding, high-angle normal fault with up to 560 
meters (m) ofvertical displacement in northwestern Arizona. It was 
first recognized by Powell (1875) and has been studied by such 
famous geologists as Dutton (1882) and Davis (1901,1903). Based 
on studies of displaced basalt flows, Koons (1945) inferred that 
movement had occurred along the fault during the Quaternary 
period, less than 1.6 million years (m.y.) ago. Huntoon (1977) 
suggested that movement had occurred less than 10,000 years ago 
(during the Holocene) along the fault in Prospect Valley. 

The most recent study of the Toroweap fault (Jackson, 19901, 
summarized herein, covers a sectioh between Seligman and Pipe 
Springs, Arizona. Stratigraphic displacement varies significantly 
along this length, ranging from 250 m on the South Rim to a few tens 
of meters at the northernmost end of Toroweap Valley. The earliest 
movement on the fault occurred during the Precambrian, or more 
than 570 m.y. ago, when it was a normal fault. Compression during 
the Laramide orogeny (80 to 40 m.y. ago) reactivated the fault in the 
opposite sense, displacing Precambrian rocks but folding Paleozoic 
(245- to 570-m.y.-old) rocks. Compression ceased in the early 
Tertiary and was replaced in the late Tertiary (about 20 m.y. ago) by 
extension (Wenrich and others, 1986). 

QUATERNARY GEOLOGY AND GEOMORPHOLOGY 

The evolution of Toroweap and Prospect Valleys, thevalleys that 
drain to the Colorado River along the Toroweap fault, has been 
strongly influenced by Quaternary tectonic activity. 

Toroweap Valley on the north side of the Grand Canyon is a 
gentle, broad valley with steep alluvial fans derived from cinder 
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Figurel. (a) Location map with selected normal faults. Stipple pattern shows theapproximatephysiographic boundary between the Colorado Plateau and Basin and Range Provinces. 
W =  Wheeler fault; G = Grand Wash fault; DB = Dellenbaugh fault; H = Hurricane fault; WW = Whitmore Wash area; T = Toroweap fault; TV = Toroweap Valley; PV = Prospect 
Valley; K = ffiibab fault; S = Sinyala fault. Scnle = 1:1900,800. After Best nnd Hamblin (1978) nnd Reynolds (1988). (b) Cross section of the we-stern Colorado Plateau (after Best 
and Hamblin, 1978). QTb = Quaternary and Tertiary basalts; Tb  = Tertiary basalts. Each fault has an associated escarpment. 
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