


Some previous conclusions
[(1) Cundall, 1990; (2) Poliakov, 1999; (3) Hart, 2003]

Explicit, time-marching schemes used in FLAC & UDEC provides a
method to follow the evolution of geologic systems (1,3).

No. of shear zones depends on F = 610a¢/Cload
= psing(tan¢-sing)/GV,,/V,
p=initial hydrostatic pressure, V .=applied velocity, V.=velocity of sound

For F>100 close to quasi static (as experiments reported here)

At low F, shear bands result from a complex dynamic interaction of elastoplastic waves (2)

Slip is not monotonic on secondary faults (1)

BE




oo incompetent oo

_Tronsitional _multilayers . I

Applied velocity, m/s

Neur isoclinal :

geometry with : '\/ 0.0E+00

secondu(y syntorms i 0 10000 ) 20000
L Distance, m

Basal velocity distribution

05 L Applied velocities
A P I used here in FLAC for
Los estilos estructurales descnptos mode”ing
en superficce son aplicables por - i .
analogia a los modelos estructurales dSC{le?atIC te:cloll(;ltlon o asymmetrlcal _
establecidos para el subsuelo. e G ULSIELICNS = structures (typically
_ Brooks Range, Alaska F~100
Asymmetrical structures thrust folds | (Homza & =100)
with underlying thrust faults in
Argentina/Bolivia (Luguez et al., 2002) Wallace, 1997')

BE







2 models with different “reservoir” configurations

1400m soft shale

900m shale overlain by 1km limestone

deak sl /100m ss sandstone
200m mod weak SS ClayStong i —
100m ssisanastone 500m mod weak ss claystone > ——— «—100m ss sandstone

100m ss sandstone — 200m mod weak ss clayston_e' I '\1 .
Ikm claystone 00m ss sandstone

2km strong limestone

Ikm claystone

Total section: 8km
ss=strain-softening otherwise Mohr-Coulomb




30 x 8km sequence with a 900m strain-softening sandstone-shale-sandstone sequence shortened 15%

A gquite simple model can reproduce the appearance
(structural style) of asymmetrical folds with thrusts
forming through forelimb

Subsequent results refer to M-C models with a strain-softening sequence as above




e Folds and faults grow with pulses of shear strain
rate.

* These local periods of high SSR cyclically
traverse the model, tending to dwell in certain
positions.
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o Faults migrate wrt external coordinate frame
e Spacing varies with shortening
e Growth rates vary




 What should we expect ?

e What do we see?




Strains around the
Nevada Test Site for 2-
month period (9uS)

Smith &
Kind, 1972
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Harper & Szymanski, 1981 1700'1985 Mantovani et al., 1991




Can plot parameters of interest against shortening strain (l,-l,)/1,

o up to 15% fluctuation
as stress changes with

fold evolution (~30%
maximum stress change)

Varying complexity of
waveform
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Mohr-Coulomb sequence; max V.= 0.05m/s




Values of all parameters typically oscillate e.g. shear strain rate

SSR pink

SSI dark
blue

£
[}
=4
[%2]
<
@
$3.
e
%]

Shear strain

/

/

— Shear strain
—— Shear strain rate

N AU ~
I RANY ANV, Nl \/K\/v\u" ™

Location away from a fault

A

Fault evolution

Outside fault/fold

Inside fault/fold

BE




Comparison of shear stress evolution at 3 locations
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Within and outside asymmetric fold

e stress transmitted throughout model in wavelike manner -different
locations slightly out of phase

« Some tendency for a change from quasi-periodic (?) to chaotic
behaviour as developing structures increase the heterogeneity
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 Typically a correlation between a build up of shear stress
and an increase in shear strain rate

e Similar peaks of shear stress do not necessarily have a
similar influence on shear strain rate

SSR pink

Fault zone




e Each cycle
— Different
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SELECTING “QUASI PERIODIC” BEHAVIOUR:

) Both magnltude Of applled Combined 3000m and 4000m ss models
velocity and model length affect
wavelength of oscillations
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Both natural geologic systems and the FLAC simulations of
heterogeneous shortening which produce asymmetric folds are
characterised by oscillatory motion.

Models imply that stress passes through crustal materials in a wavelike
manner. Fluctuations of most (mechanical) parameters occur of ca 5-
15% of their total value.

High rates of tectonic activity (high V,.) lead to less frequent peaks (eg
of shear stress) of higher magnitude

Structural development increases heterogeneity and is typically
associated with an increasingly chaotic waveforms

Did not find an obvious relation between the nature of the dynamics and
the finite (ultimate) geological structural style [most structures were
asymmetric anticlines with thrust faults but for some combinations of
material properties and sediment properties backthrusts (ie faults
dipping in the opposite direction) developed].
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o Stresses and strains characteristically exhibit
oscillatory motions during structural evolution.

The progressive growth of folds and faults closely
follows these fluctuations. For this reason, these
oscillatory motions should not be ignored Iin

Investigations of the precise mechanics of fault

and fold growth. The waveforms are a sensitive
and direct indicator of the (tectonic) system
evolution.
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