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STRAIN DISTRIBUTION IN THE ANTICLINAL RIDGES OF THE 
COLUMBIA PLATEAU: IMPLICATIONS FOR THEIR ORIGIN AND THE ORIGIN 
OF FIRST-ORDER RIDGES ON THE TERRESTRIAL PLANETS. Thomas R. 
Watters, Center for Earth and Planetary Studies, National Air 
and Space W~seum, Smithsonian Institution, Washington, D.C. 
20560. 

The Miocene flood basalts of the western Columbia Plateau 
in the norbhwestern U.S. have been deformed into a series of - - -  ~ 

narrow, sinuous and asymmetric anticlinal ridges that are 
morphologically and dimensionally similar to first-order ridges 
in the wrinkle ridge assemblage on the Moon, Mars and Mercury. 
The origin of the roughly N-S compressional stresses that 
formed the antislinal ridges of the Yakima Fold Belt are 
attributed to 
margin in the 
strain within 

the oblique subduction at the convergent 
Pacific Northwest (1). The distribution 
the deformed multilayer basalts is being 

plate 
of 
studied 

at several locations where portions of the cross-sectional area 
of the folds are exposed. The folds are concentric in nature 
with most of the strain confined to the steeply dipping limbs, 
which are often characterized by layer parallel slip, 
layer-internal faulting and 
conjugate fault sets with m 
both the steeply and gently 
Fault plane,dips often form 

shattering (2). Layer-internal 
inor displacements are common in 
dipping limbs of the anticlines. 
acute angles to flow layering in 

the gently dipping limb, becoming nearly perpendicular to 
layering in the steeply dipping limb. The distribution and 
attitude of the observed conjugate faults suggests that they 
are bending strain induced by folding of the multilayer basalt 
sequence and that the basalts are sensitive to bending 
stresses. The crests of the anticlines are largely undeformed 
with little evidence of any layer-parallel extension faulting. 
A distinct lack of significant Payer-parallel extension in the 
exposed portions of the Umtaaum ~idge-has been reported by 
Price (2). There is also a lack of significant layer-parallel 
shortening in the f o m  of contraction faults producing 
shortening in the bedding plane. The basalts appear to have 
deformed largely through cataclastic flow on layer-internal 
faults. ~hus, the deformation is ductile in nature because 
although individual layers have been fractured within the fold, 
the structure as a whole has not lost cohesion. Associated 
with the veraent side of the anticlines are reverse to thrust 
faults. ~he~distribution of strain in a buckled multilayer may 
provide insight into the nature of the associated faulting. If 
folding is in response to a fracture-flexure mechanism, such as 
fault-bend folding, where buckling is the result of bending of 
a fault-block as it is translated over a non-planar fault 
surface, or a drape folding, where flexure develops over a 
verticle fault, zones of both layer-parallel extension and 
shortening would be expected ( 3 , 4 ) .  In the case of thrust 
faulting, bending stresses are significant, and thus, a thrust 
plate translated through and over a fault ramp would be 
expected to be complexly faulted particularly in the upper 
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surface where bending stresses are grestest (3). Thus, the 
observed strain distribution in the anticlinal ridges is not 
consistent with buckling solely in response to the styles of 
faulting discussed. The observed strain is most consistent 
with a fold mechanism involving flexural-slip with shearing on 
and parallel to Payer boundaries with some flexural-flow 
accomplished through cataclastic flow. The associated faults 
are interpreted to be bending strain developed as the 
concentric folds close. A flexure-fracture mechanism involving 
buckling followed by reverse to thrust faulting is suggested 
for the origin of the anticlinal ridges. A similar mechanism 
may be involved in the fsmation of most of the first-order 
ridges on the Moon, Mars and Mercury. Although it is not 
possible to characterize the strain features associated with 
anticlinal ridges on the other terrestrial planets in such 
detail, significant Payer-parallel extension or complex 
faulting of the anticlinal crests may be detectable in high 
resolution images of the M Q O ~  and Mars. Lineations have been 
observed on the crests of the Littrow ridge in eastern 
Serenitatis (5,6). However, these lineations are rare and have 
only been observed on the crests sf a ridge associated with 
mare ridge-highland scarp systems (73. Based on the preceding 
analysis, these features are interpreted to be evidence of 
significant layer-parallel extension due to deformation by 
tangential longitudinal strain with little layer-boundary 
slip. This deformation is largely in response to either drape 
or fault-bend folding. This is consistent with the 
interpretations that the mare ridge-highland scarp systems are 
the result of reverse and thrust faulting ( 5 , 7 ) .  Hence, 
although rare, these is evidence sf ridge formation by a 
fracture-flexure mechanism. 
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