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‘,{/WC INTRODUCTION ‘

BALANCE AND RESTORABILITY {

Geological cross-sections of deformed terrains are drawn using a vanety of mpnt dsta, for ‘example, surfaoe geology, seismic reflection and refraction information, and well = '

data) These windows of reality leave large portions of the section to the geol ion. R upon mal interpretations m&e petroleum exploration of the Canadian ' |

Rocky Mountain Foothills during the 1950's forced geologists to formmlate geometnc ules to apply. to the marpretanon of blank areas on their sections. Dahlstrom's classic 1927 paper’
is often referred to as a milestone in this thought process.
For a geolopcal c1oss secuon of a deformed state to be realistic (i.e., a credible approximation to reality) it must be balanced or restorable to an undeformed state that is
geologically This phical constraint red the range of interpretations but does not necessarily provide a unique solution. »
In practice the xestoralnhty or otherwise of a cross-section is established using the principle of conservation of material, which for a two-di 1 ion of geological
structures requires that the cross-section plane contain the relative movement vectox(s) of the features bemg depxcted, and that the deformed and restored states rmst have equal areas .

("area-balanced"). Departures from ths principle frequently occur, but nmst be d for by geologically For pl m areas of extenswnal deformation
deposition may be ‘ (so-called "growth" faults), as fanlting and sedi lation pmwed the sedi is progressively d as it is buried more
deeply. When restoring a section drawn through such structures it is necessary to acconnt for this change in cross-sectional area by decompacting each sedi y layet sequexma]ly according

to its lithological character (refs).

Within the last ten years the principle of xestorabﬂny has been taken a step further to encompass the idea of retrodeformability. This has grown out of an improved |
d ding of the mechanisms by which rocks deform. It is no loriger sufficient that a section be area-balanced but it must be shown that the geomemﬁ in the deformed state can have |

formed from the restored state by the application of kinematically viable deformation ychamsms The range of acceptable interpretations of the data is ﬁmher narrowed by this additional
constraint.

A bal d, or bl ction can be arrived at ina nnmber of ‘ways, and confldenoe in the nne:pretauon will be greater if i is retrodeformable rather than merely
restorable, A balanced semon, whatever the means by which it was produced, is not ily truth, it is, ho , more believable than a non-balanced section and all geological cross-
sections should be exammd with the concept of balance in mind.

: 5
"Quick checks for restorability B
DEFINITIONS AND BACKGROUND B
DEFORMATION MECHANISM ' ' L.
Vertical/oblique shear A R

Vertical shear and shear oblique to bedding with a consistent angle are mechanisms that have been applied to extensional structures in the Guif of Mexico with a great deal

_ of success (refs). As the crust is extended, listric normal faults develop that are steep near to the surface, and shallow with depth, oﬁen beeommg sub-horizontal in a zone of shale or

evaporitic beds (refs). The hangingwall block as it moves over the fault surface maintains contact with the fault by intemal collap dated by penetrative slip on
vertical or inclined shear planes (Figure) as if the hangingwall were composed of a deck of cards with a consistent orientation. In reahty these sheer planes may be manifest as quasi~
pervasive fault systems, or as arrays of synthetic and antithetic faults within the hangingwall.

Flexural slip
Layenngmsomeformlsthemost primary ani Py | mrocks Sedi ry and volcani tocksarepanimﬂarlyexemplaryofthis,donﬁnatedastheya:ebybedding
or flow banding. bt.hologxwl layering is also (almost invariably) a h opy whxch 1s deformation behavior. This is especially true for contractional deformation but may
a]so apply to oenam of B the layers rep hani units large scale shape changes are accommodated by sliding between layers (the
1 This is flexural slip. Flexuml shp can also occur by more pervasive slip within units but still along suxfae&s parallel to layering. In the case of an
extensional listric fault (Fi gure) hangingwall collapse is d by bending of the layers within the hangingwall block, and this ing is in tun dated by layer-paralle}
ship.
Slip-line

close proximity to the major fault surface, it does not give reasonable geometries for larger scale deformation.

Domino
The tendency for deforming crust to behave’as rigid or semi-rigid blocks has been recognized in a mumber of tectonic settings, notably where extension has affected crystalline” |
crustal material. Deformation in such a setting has been described in terms of "domino" blocks. Each block undergoes 2 rotation, and faults are either planar or arcs of circles (Figure).

GEOMETRY DG
Single detachment - ) i i

Multiple detachment

TECTONIC SETTING

J

Some workers have invoked shear pamllel to fault surfaces as a mechanism for deformation. This may be applicable in some high grade metamorphic terrains, and within

Simple extension ’ i

Transtension
KEY CHARACTERISTICS

DEFORMATION MECHANISM
Vertical/oblique shear
Flexural slip
Domino

Slip-line

GEOMETRY : .

Single detachment . '
. Single detachment models are the simpl ptual method for interpreti 1} They suffer from the limitation that not all faults can be forced to “sole"

1

into a single detachment level (Figure). This is especially true for smaller fanlts, which do not have sufficient displacement to reach the detachment level required by larger faults in the
hangingwall. "/

system. This can be resolved by assuming that the smaller faults are downwardly blind (Figure) and represent a manifestation of the pervasive shear mechanism within the

|
Multiple detackment < . : - ‘ "
. i i ‘

- %
Y are known to exhibit multiple detachments (refs) these can be active at different times or they may be active synchronovsiy.

Both




»
¢
4
]
[ TECTONIC SETTING
Simple extension
: Simple E-W extension
Transtension E ’
N6OW extension superimposed on a NS normal fault system causes oblique slip - "transtension .
. ) APPLICABILITY TO YUCCA MOUNTAIN

DEFORMATION MECHANISM

Vertical/oblique shear
Flexural slip
Domino

Slip-line
4

GEOMETRY »’
Single detachment
Multiple detachment

TECTONIC SETTING
Simple extension
" Transtension

7 Hobeds

P Rolling Lingg ' tebbomakion
- =) v

hybrid — domino block rotation and vertical shear
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