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Yo
July 11, 1995
e The deformation table was designed by Bruno Vendeville from the Bureau of Economic Geology, Austin
Texas.
Bruno Vendeville
Applied Geodynamics Laboratory
University Station, Box X
Austin, TX, 78713-8924

(512)471-1534
Fax: (512)471-0140
E-Mail: vendevillb@begv.beg.utexas.edu

e  The following pages show all of the parts needed for the construction of the analogue modeling deformation
frame and box and are from a series of faxes and drawings sent from B. Vendeville to David Ferrill (of the
CNWRA). The deformation frame is the support for the deformation box. The deformation box is the
portion of the unit which will deform the layered sand and silicone puity.

o The analogue modeling apparatus will be able to simulate a variety of structural deformation styles to
include extension, strike-slip, transpressional, and transtensional situations.

W—




G. ID: 5124?1980<
Mailing Address: /7

University Station, Box X
Austin, Texas 78713-7508

Dehvery ddre‘
10100 Bumet Road

Telephone: 512-471-7721 « Direct line:512- 471 8334 - Telefax: 512-471-0140

DEC 22'94 é_:§2 No.G01 P.01

Austin, Texas 78758-4497

Date : 03 02 1994
To: Dr. David Ferril{ From: Bruno Vendeville —
Affiliation: SRI
FAX: (210) 522 5155 Number of pages after this page:¢|
j
Hi David,

Here is the first part of the plans. These are for the deformation rig. The plans for

the box itself will come tomorrow.

Here are a few things to indicate about the enclosed plans:

All the frame is made of 2in x 2 in bars madel of regular iron (to be painted after

construction of the frame). All the bars need to
can insert screws, size 1/4 (allowing to add bars
location). The smail and large bars to be inserted

be drilled every 2 inches so that we

lgthemiddleofthengatﬂledesu'ed
need to be drilled every 2

inches. The holes must be aligned with the corresponding holes in the main frame.
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ID:5124719800

DEC 23794

The deformation box comprises two main parts:

14:55 No.006 P.06

¢\ - one part will remain attached to the movmg screwjacks (6 Screw-jack fixed
™ plates, and 6 Screw-jack sliding plates) i

B

v - Screwjack sliding plates:
~ Plates A:

' - Plates Bl:

¢~ Plates B2:

[

- The other part comprises various plates fomung the actual deformation box
(4 Plates A, 2 Plates B1, 2 Plates B2, 2 Plate C1, 2 Plates C2). Plates Bl or B2 are

connected to linear bail bearing, encased by an attachment block (8 each), itself

bolt to Plates D (4 each). Plate D can be bolt to the Screw-jack sliding plate.

Total number of part:
- Screwjack fixed plates:

- Plates C1:

and two 20"-long wedge bars per piate. T x}umber of

|

and two 40™-long wedge bars per plate. T x}umber of

(Plates C1 aiso include two 20"-long stainlesL teel rods

"-long rods: 4; Total number of 20"-wedge

- Plates C2:
(Plates C2 also include two 40™-long stainl

40“-long rods 4 Total number of 40"-wedge
§ (casing for linear ball
- Linear Bean

< okt M/Wﬂu)ﬁé KW;AW/L%\

: 4)

teel rods

: 4)

mr;s 75

- 3 feet x 5 feet, 1/16"-thick aluminum plate —1base for the box)

D R R R R R R

Total number of parts:

Please feel free to contact me if you have any
Bruno Vendeville
Bureau of Economic Geology

Work phone: (512) 471 8334
Work Fax: (512) 471 9800
Answering message (home): (512) 476 4677

NNRNAOOGO
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— Screw-jack fixed plate

Aluminum, 1/2inch-thick.
6 each

4in

— o Dirilled for 1/4-20bolts

ced )
. O Dirilled and counterboard (on this
— side) for 1/4-20 cap-screws

B — . 7




. other side)

ID:5124719800 BEC 25794 l4:5¢ NO.UUD F.uo
Screw-jack sliding plate (6 each)
Aluminum, 3/4 inch-thick
12in 1/2in
£
= To)
i -~

3in |

6in |
Two long slots 1/4 inch-wide (drifled + counterboard on this

side) _
Two short slots 1/4 inch-wide (drjlled + counterboard on the

e

pre—
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4 each

Box, Plate A
3/4" thick aluminum
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N Qv

-

18"
f='G£a~'
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" --- - - A A

! 1
— —e
‘
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S\ I I
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Sive

7R C7 03N

All holes drilled and tapped for 1/4-20 cap screws
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2 each
18"

!
A

JE . DR

J SSRR—

[S——

uminuem

|

3/4" thick al

—
All holes drilled and counterboard (on this side) for 1/4-20 cap screws

| (—

nac A JONTON. Z0GT 268230 - 008612V215:01 5°3°4 H%%i% .
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2 each

uminum

Box, Plate B2

3/4" thick al

GN"d 200°0N €0:G7

——

18"

3/8"
“«

il i

1
'
'
'
]
1
)
.

-t——-? 1/2"

76.£2 33C

008612PCT15: Q1

All holes drilled and counterboard (6n this side) for 1/4-20 cap screws

9°37a 1
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Box, Plate C1
1" thick aluminum

ANt 1 INNTNN CN:CT

20

bR C7 N3N

2'0

i
!
—iq

4ll

4"

b -

—ie—

%
e

I Y- o
'
]
'
)
1
L3
+
1
'

All holes drilled (not tapped) and counterboard (on this side) for 10-32 cap screws

2"pg— 4" —plg—4"

|
)
L

00861217¢15:41
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Box, Plate C2
1" thick stainles steel

/04 /700°0N ¢0:G1
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e

4" pig—4"

4"

| 2

C—' -
3

4

A2 D" Pl 4" pig— 4"

!
:

All holes drilled (not tapped) and counterboard (on this side) for 10-32 cap screws
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Box, Plate D
4 each, 1/2 inch thick aluminum

12
! L] ‘ L] H
;4'-—1 _1/2 —l 7—1 1/2% —p|
]

16 holes drilled, not tapped,
and counterboard (on this side) for 10-32 cap screws

2 holes drilled, not tapped,
and counterboard (on this other side) for 1/4-20 cap screws

172"

12"
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: July 11, 1995
Other Parts, Accessories. and Materials Needed For The Completion of The Deformation Rig W
(Aside From The Frame and Box)

€Y} 1430-EPI Packages Stepper Drive Module & Microcontroller Indexer
(4) M093-FC14 DC Stepper Motor (Minarik Electronics, San Antonio)

(1) Adapter Cable from indexer to RS232 serial port of an IBM PC, 10’ long (Minarik Electronics, San
Antonio)

(4) Motor/Drive cable, Ref # B215801-001 (Minarik Electronics, San Antonio)

(3) Cable for daisy chaining multiple indexers “Y” Cable Ref # B216298-002 (Minarik Electronics, San
Antonio)

(2) Joyce worm gear screw Jack, 2-ton capacity,
condition, Ref # WIT 242, 20”, upright, type 2,

(Minarik Electronics, San Antonio)

24:1 ratio, 20” rise, upright position, Load Pad end
with protection boot (Joyce Dayton Co. Dayton, Ohio).
} Joyce worm gear screw jack, 2-ton capacity, 24:1 ratjo, 30” rise, upright position, Load Pad end
condition, Ref # WIT 242, 307, upright, type 2, with protection boot(Joyce Dayton Co. Dayton, Ohio).
(2) Bidrectional, flexible drive shaft, 1/4” diameter, #A=212-8146, 10 feet long, Plain-bearing, both L
couplings (#B-401-8553) Female with set screws, both ends connect to 1/2” diameter shafts (Elliot [
Manufacturing Co., Binghamton, NY).
(2) Bidrectional, flexible drive shaft, 1/4” diameter, #A=212-8146, 8 feet long, Plain-bearing, both couplings

(#B-401-8553) Female with set screws, one end to connect with 3/8” shaft, the other end to connect to 1/2” N
diameter shaft (Elliot Manufacturing Co., Binghamton, NY).

e
(40) each of 1/4-20 Cap Screws in the following lenghts: 1727, 3/47, 17,1 1/2, 27,2 1/4
(180) 10-24 Cap Screws, 1/2” '

(100) 3” long, 1/4-20 Hex Bolts

(100) 1/2” diameter, 1/4” threaded hex nuts B
(50) flat washers N
(50 wing nuts k.
Used Rustoleum primer and black finish spray paint for a final coating to protect the outer surfaces of the

deforma

tion rig from rust, chemicals, and normal use. This also facilitates easier cleaning of the rig.
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. July 11,1995 ., |
Other Equipment That Will Be Used During Experiments 7M é,/
Y%

(3) Nikon F4s 35mm Cameras with Nikon MF-23 MultiControl Backs for taking pictures during progression
of an analogue experiment. Each camera is equiped with a Nikor /1.4 AF lens. (Wolff Camera and Video,
San Antonio)

(3) Bogen Salon 230 Studio camera stands with Bogen 3028 camera heads for camera attachment and
positioning. (Wolff Camera and Video, San Antonio)

(3) Calumet Mini-Compact light stands, MF3515. (Wolff Camera and Video, San Antonio)

(3) Calumet A120 Light with 12” Reflector. (Wolff Camera and Video, San Antonio)

(3) GE 500 watt ECT light bulbs. (Wolff Camera and Video, San Antonio)




Th f An e Models

The use of scale models in the field of geology has for over 60 years been a tool used to aid in making
structural interpretations of the real world. In order to validate the use of such models of the real world, they
must be scaled or reduced if you will, by appropriate factors that allow us to view the geologic processes on a
level that is both smaller and faster in terms of time and dimensions. As such, scaling techniques have also
shown scientists what modeling materials can be used to accurately represent the layers of the Earth.

Theories concerning the geometric, kinematic, and dynamic similarity between the physical model and
the real world (from here on referred to as the ‘prototype’) must be talked about and understood before
fundamental units and scale factors for the numerous dimensional quantities can be derived. From these then
properties of the required media can be calculated, the next problem being to find a suitable media with those
properties which is not always so easy. The vast knowledge of scaling used in conjunction with analogue

models is attributed to the derivations of Hubbert (1937) and Ramberg (1967).

Types of Similarity Between Models and Prototypes

There are three different degrees of similarity that are considered in the application of model scaling to
the study of geologic structures. Geometric similarity, the first of the three, is satisfied when all corresponding
lengths are proportional and all corresponding angles are equal between a prototype and its model (Hubbert,
1937). In simpler terms, this is just and extension of the law of similar triangles from geometry to bodles of
varying shapes. Scale factors associated to geometric similarity include length, area, and volume.

If I represents the length of the prototype and I, length of the model (Fig. 1), then a scale factor for
the length (1) can be obtained allowing any of the other lengths between the two to be calculated provided one
of the corresponding lengths is known. Because scale models of geologic structures are smaller than the
prototype, the scale '

A=L/L,or b=l
factor for length will be less than unity (Hubbert, 1937).

L

Figure 1. Two Geometrically Similar Bodies

The ratio of analogous areas between the model and prototype can be determined directly from the

length ratio derived above. The same also applies for the calculation of the volumes between models and
prototypes.

AJA =\ =12/ 12




V,/V, =\

The next type of similarity between model and prototype is kinematic similarity. If two geometrically
similar bodies have geometrically similar changes of shape and/or positions, the two bodies are said to be
kinematically similar as long as the time needed for a change in the prototype is proportional to the time needed
for a change in the model. As such the following relation is needed (Hubbert, 1937):

Lty =1
where t, is the time necessary for the prototype to undergo a change in shape, t; the time for the model to
undergo a proportional change, and t is the model scale ratio for time. If the two bodies are kinematically
similar, then velocities and accelerations for corresponding points must also be proportionally scaled as well.
Vv, = 1 = b, Mty = Mr |
afa, =y = bit,” L/t* = M7P
where v, and v, are the velocities of corresponding points, a, and a; accelerations, 1 the model ratio for
velocities, and y the model ratio of acceleration (Hubbert, 1937).

The third type is called dynamic similarity. With the previously discussed types of similarity, né
mention of mass was referred to when the relations between the form and movement of the model and
prototype were described. Dynamic similarity also brings into view the third elemental scale factor, mass (i)
which allows us to evaluate the various forces that may act upon the prototype and scale them accordingly for
the model. Because scaling laws necessitate that the shape and time span of deformation must scale
proportionally from model to prototype, the response to each scaled force in the model must be both
kinematically and geometrically similar to that of the prototype. This situation is satisfied if each force in the
model is scaled down by the same factor as the corresponding force in the prototype (Twiss, 1992). If this is
the case, then the model and prototype are said to be dynamically similar.

The three fundamental units that are brought about by geometric, kinematic, and dynamic similarity
are time (1), length (1), and mass (u). From these three fundamental units all other pertinent mechanical

quantities and their scale factors can be calculated (Fig. 2).

Quantity Dimensional Formula Model Ratio
Area L2 A2
Volume L’ I
Velocity LT’ At
Acceleration LT? At
Density ML’ ur?
Force MLT” uM'Z
Stress ML'T? u?»'l‘r'z
Strain L’ ' 1
Viscosity ‘ ML'T! p !
Gravitational Constant ML T? u‘17\.3t'2
Strength ML? 8\

Figure 2. Mechanical Quantities and Their Scale Factors
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Assumptions
These basic factors for the scaling and construction of scale models may cause one to think that

modeling is straight forward and simple. There are, however, some problems that can develop and complicate

the process. In creating the basic premise for dynamic similarity, that is that all forces of all types must be

roportional, the ratio of the forces due to inertia , M'z, is chosen to be the standard to which all other forces ]
prop u 1

have been made to rely on. This creates an immediate problem which needs a solution, or assumption, in order ™

to solve. The problem is that when both the model and the prototype are subjected to the same gravitational
force, it causes the model ratio fof acceleration (y=M'2) to be equal to 1. This creates the situation where A
and t are no longer

Yy = At = 1, hence

A=1

independent ratios, but instead, one determines what the value of the other will directly be (Hubbert, 1937).
Herein lies the problem. To illustrate, if a model is to simulate 200 million years of deformational history and
also be completed within a few hours, a suitable time ratio would be on the order of 10®. Because A equals 1
in this case, the model ratio for length would then be 10™°, about the diameter of a molecule. On the other
hand, if a suitable value for the model length ratio is chosen , 107 (McCIay et al, 1987a; McClay et al, 1987b;
McClay et al, 1988), then the corresponding model ratio for time would be 102, The timé ratio would then

reveal that the time needed to complete the model experiment would be 20 million years, not very realistic. So

the thought comes to mind, how does the scientist solve this dilemma? According to Hubbert (1937), thei'~key to

solving this problem lies in the conditions that satisfy dynamic similarity as previously discussed. For dynamic
similarity to be satisfied, the two body forces of inertia and gravity must be satisfied.

In order to solve our problem, suppose that in certain cases both of the body forces do not exist at the
same time, or if they do, that one of them is so small that it is negligible compared to the other. Since
analogues can represent millions of years of deformational history, movement is considered to progress very
slowly and as such accelerations can essentially be thought of as negligible. A negligible acceleration equates
to a negligible value for the inertial force as well. In such cases as this the controlling factor is clearly no
longer inertia, but rather it is gravity which on the earth’s surface is independent of the model ratio of time
employed in the experiment. So to summarize, in cases where the acceleration is so small that inertial forces
become negligible, the conditions of dynamic similarity are satisfied if the model ratios of length, time, and
mass are chosen arbitrarily and all forces conform to the ratio:

F=¢=u,=m
where v, is the model ratio of gravitational acceleration which for the earth’s surface may be set to equal one.

This results in the following relationship:

O =py,=pl =p =38\
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In order to keep geometric and kinematic similarity it is necessary that the strength of the modeling material
and the model dimensions (A) be scaled down by the same factor as well (Hubbert, 1937: Withjack, 1986;
McClay and Ellis 1987b; Withjack, 1995).

Properties of Modeling Materials

In modeling the geologic structures of the earth on a small scale, one must also consider the properties
of the different media which are going to represent actual rock. To begin with, in choosing media for modeling
the brittle crust, it is important to find a material that exhibits Coulomb behavior (Vendeville et al, 1987; Ellis
and McClay, 1988; Davy and Cobbold, 1991). A Coulomb material, if you remember from introductory
structural geology, is resistant to deformation unless the shear stress, 5, on a given plane is greater than the
critical shear stress value, 7., whereby the material fails by faulting (Hubbert, 1981; Cobbold et al., 1989):

Tc = ¢ + WS, )

where c is the cohesion, o, is the normal stress acting upon the plane, u is the coefficient of internal friction,
and p is the pore fluid pressure. In experiments, the pdre fluid pressure is assumed to be negligible and the
equation reduces to:

Tc = ¢ + 1oy
For rocks and loose soils, p has been found to have a value of approximately 0.6 (Hubbert, 1981). The acute
angle, 0, between the maximum compressive stress ,0y, and the fracture plane, is predicted by (fig. 3):

0 =45 + ¢/2

where ¢ = arctan p is the angle of internal friction.

0 o
s
v
O3 \:\ O3
*
-

Figure 3. Orientation of Fault Plane to Maximum Compressive Stress

If the crust as a whole has an internal angle of friction = 30°, then one would expect to find normal faults with
dips of 60 degrees (45° + 30°/2); thrust fault with dips of 30° (45° - 30°/2); and strike-slip faults with vertical

dips (Twiss, 1992). This results in the orientation of the maximum and minimum principle stresses being a
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key factor of what type of fault will develop, i.e. normal, reverse, or strike-slip (Cobbold et al., 1989; Davy
and Cobbold, 1991; Twiss, 1992). |

Some aspects of what are scaled are not represented by the use of sand. For instance, since sand is a
granular material, one us usually not interested in the individual grain to grain relationship, but rather how the
model as a whole represents the frictional and elastic behavior of the earth. Not accurately represented by
analogue models are grain size and the dimensions of shear zones that develop between faults (Mandl, 1988).

The effect of grain size is to cause the formation of narrow shear zones in the model instead of discrete fault
planes (McClay and Ellis, 1987).

Sand is not the only modeling media used to represent layers of the earth as the brittle and ductile crust 3

are two separate parts of the system. The viscous layers of the ductile lower crust and mantle must also be
considered when trying to appropriately scale an analogue model representing multiple layers of the earth.
Perhaps the most useful of materials used for this are the silicone putties made by Rhone-Poulenc in France,

and DOW-Corning in Canada. One or both of these materials have been used extensively by many scientists to

represent different aspects of extensional tectonic settings to include listric fault systems and the diapiric rise of

salt domes (McClay and Ellis, 1987a; McClay and Ellis 1987b; Vendeville et al., 1987; Ellis and McClay,
1988; Vendeville and Jackson, 1992; Weijermars et al, 1993).

For an analogue model representing both the brittle and ductile portions of the crust, it would be

convenient to choose length (1), viscosity (y); and time (7) as the fundamental scale ratios to have. Earlier it

was stated that the fundamental ratios were length, mass, and time while here the viscosity was used instead.

From the scale equation for viscosity, however, the model ratio of mass can be obtained thus still satisfying

dynamic similarity. If the viscosity of the lower crust is taken to be on the order
viscosity = y = A2, hence
B o=y’
of 10*' Paes (Mulugeta, 1985; Schreurs, 1994) then an appropriate viscosity for a modeling material would be
on the order of 10* Paes. This value is on the same order of magnitude as that of polydimethylsiloxane
(PDMS), otherwise known as silicone putty. This is the reason that PDMS has been used extensively in the

past decade to represent the ductile portions of the lower crust. Some varieties of PDMS, particularly those

made by Rhone-Poulenc in France, have the ability to have their physical characteristics changed for more
versatility. For example, both the density and viscosity of PDMS can be made 1
galena (PbS) with the putty; density

arger by mixing powdered
increases by about .21 glem’, viscosity increased by about a factor of 7.
This property can allow for an even greater degree of realism imparted to analogue models.

Vendeville et al (1987) went even further by using honey to represent the asthenosphere in a multiple

layer model of extensional regimes. The honey, like PDMS, behaves as an almost perfect Newtonian fluid

meaning that it is linearly viscous. If a stress is applied to it, it will flow. When the stress subsides, the fluid

flow stops as well but does not return to its original shape. Such deformation is termed nonrecoverable (Twiss,

s
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1992). The viscosity ratio of silicone to honey is about 100:1, therefore fnaking honey a suitable media for
representing the asthenosphere as its density is aléo greater than that imparted to altered PDMS.

There are numerous other materials that have been used in the past to emulate the geologic processes
in the real world. Though only some of the most important ones have been discussed here, the ones used in the
past are still of use to researchers in the present. The same type of saturated clays, used as early as the 1950’s

by Ernst Cloos, are still being used in analogue experiments of 1995 (Withjack et al, 1995). Ongoing research
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in the fields of chemistry and chemical engineering will no doubt someday produce new materials which will be

of use to geologists using analogue modeling as a tool. Figure 4 shows names and some characteristics of some -

past and present materials used for analogue modeling.

Sand

Garnet
Sand

Glass
Beads

Glass
Powder

Pink
Silicone

Gray
Silicone

Honey

Clay

Density
(g/cmS)

1.3

1.865

1.16

1.37

1.4

1.6

Cohesion

very
low

very low

very low

10*MPa

Viscosity

10°Paes

10°Paes

10°Paes

Material
That It
Models

Brittle
Crust

Brittle
Crust

Ductile
Lower
Crust

Brittle
Crust

Viscous
Lower
Crust

Viscous
Lower
Crust

Asthen-
osphere

Brittle
Crust

In summarizing the various applications of scaling towards analogue modeling, it is first good to know
how the model relates to the prototype in terms of similarity. The first two, geometric and kinematic, yield to

us two of the three fundamental scale ratios, length (1), and time (t). From dynamic similarity we obtained the

Figure 4. Analogue Modeling Materials

Summary

third fundamental scale ratio that we needed, mass (i). From these three fundamental ratios, all other

mechanical quantities and forces can be calculated.

W

The problem that arose where A and T were no longer independent of one another as a result of inertial

forces being used to satisfy dynamic similarity, was solved by making the assumption that because accelerations

associated with tectonic movement are very small, except in the case of earthquakes, the associated inertial

.

force is negligible (Hubbert, 1937). This resulted in gravity being the controlling factor, which on the surface

of the earth is independent of the model ratio of time employed in the experiment. The most important

statement made by several different authors was that in order to keep geometric and kinematic similarity, the

strength of the modeling material must be scaled down by the same factor (Hubbert, 1937; Withjack et al,

1995). For this reason, sand has been chosen by many to represent the brittle layering of the upper crust. The

characteristics of sand include a frictional coefficient of 0.6 and internal angle of friction equal to -

approximately 30 degrees which cause it to deform bv faulting in discrete shear 7ones accordine fo the
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Coulomb fracture criterion. Scaling down the strength of the crust also requires a media that will deform under

-
I its own weight. In this respect sand is also satisfactory because it possesses a negligible value of cohesion.
T In addition to sand, numerous varieties of silicone putties have been used to model the ductile lower s
T parts of the earth’s crust. Those of particular interest are the ones produced by Rhone-Poulenc in France. Y
T These are significant because of their ability to have their physical characteristics of density and viscosity 1
- changed by the addition of powdered galena (PbS). Based on values from other authors, the viscosity of Y
o silicone has been shown to posses a viscosity on the appropriate order of magnitude which represents the T
o viscosity of the lower ductile crust. Honey, with both a higher density and lower viscosity than PDMS, has e g
o been used to represent the asthenosphere. These three modeling materials used in various combinations are the g
o ones dominantly used b§ most of the persons interested in what analogue modeling can provide. In no means 1
o however should one limit themselves to using the ones from the past, or in experimentation to develop new 8
o materials. i
S -

. - .
-
-
N
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_ . July 21 . 1995 -
Preparation Of Sand For Use In Analogue Modeling Experiments 7:5\4% )

The sand that will be used for the structural analogue modeling project has the commercial name, Oklahoma
#1. The sand was purchased in 100 1b bags from V.R. Hood Clays in San Antonio, Texas.

Sand is an appropriate material for geologic analogue modeling because it is a Mohr Coulomb material
meaning that it will generate faults when deformed which are similar in dip and orientation as those found in
the brittle crust of the Earth according to the Andersonian Theory of Faulting

The sand needs to be dyed using a non-toxic acrylic color (dye) which when dries becomes totally
waterproof. Bye diluting the dye with ordinary tap water, it is easier to apply to the sand. The process is to
fill 300 m1 of water in a plastic beaker and mix with 3 tablespoons of dye. Once the dye has been totally
dissolved into the water, the mixture is placed into a 3 gallon Rubbermaid storage container. To the
container then is added white Oklahoma #1 sand, mixing by hand (rubber gloves are worn) and adding
additional sand as necessary until the container is full and the sand is all coated with dye.

The dyed sand is then placed into a circular metal container and put into the Grieve oven which is set at 300°
F. This process will dry the sand in a quick and timely manner.

Periodically the sand must be stirred and mixed because the sand at the upper surface dries faster than that at
the bottom. This further allows more moisture to escape and the sand to dry faster.

Once the sand is dry, it is removed from the oven and sieved in order to remove any clumps or aggregates.
The aggregates may then be broken apart and re-sieved so as to reduce waste.

After sieving, the sand may be placed into a large storage container until it is needed for an experiment.
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Augl}/:s:)t 1, 192 5 3

Objective: To model a simple dextral pull-apart basin approximating the dimensions of Death ValiZ , . f =

California. The initial series of models will also be used as learning tools for model setup, execution, - \ —

scaling, and dissection. The model runs will be setup and run by Bret Rahe. =
The base of all of the initial models is cut from mylar and laid down on the formica floor of the deformation - Y

rig in the dimensions as shown in the diagram for each of the respective models. In the initial series of ~N

models there is one Fixed Mylar Sheet which underlies the Mobile Mylar Sheet (see picture next page). The -

Mobile Mylar Sheet is slid under wall 2 and fixed into position using masking tape so that no slippage will’ I
occurr and create insufficient displacement. ‘ . ~
The medium that will be used to simulate the brittle deformation of the crust is Oklahoma #1, dry quartz _

sand. Sand has been used extensively (see previous section on model scaling, pg. 38).
A simple sketch of the deformation box is shown on the next page; it was created by Bret Rahe in
Framemaker and shows what each of the model setups will in general look like.

Factors for the scaling of each of the models will also be given for each individual model description.
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MAP OF SIMPLE PULL-APART MODEL

Wa (2

Mobile Mylar Sheet

s -

_—

o ll3 — wary

Fixed Mylar Sheet

/ \ Screwjacks

~ AluminumWalls

Ly



&
-

— EQUATIONS FOR —t
DETERMINING THE —F
—  DISPLACEMENT, VELOCITY, —
— AND NUMBER OF PULSESINA |
MODEL SIMULATION I

~ V=linear velocity (cm/hr) 8/ (43 mmm:\E
N=Number of pulses/>e* ¢ | o

—— 1. V(em/hr)=(N(p/s)*3600%2.54)/(200*96)=N(p/s)*0.476 .
2. V(em/min)=(N(p/s)*60%2.54)/(200+96)=N(p/s)*0.00794
3. N(p/s)=(V(em/hr)*200%96)/(3600%2.54)=(V(em/hr*2.10 1
4. N(p/s)=(V(cm/min)*200*96)/(60*2.54)=V(cm/min)*126 e

—— D=linear displacement (cm) | e
- N=number of pulses

1. D(em)=(N(p)*2.54)/(200%96)=N(p)*0.000132 if:i

——  2.N(p)=(D(cm)*200*96)/ (2.54)=D(cm)*7559 4

Thege @?4“’(’7’”5 were received i e E-mmal O Bruws Veundeville
Q/I/UJ wme. g%gggd 4 CCL/Cu((vfe /Mtx J:S//ucé‘/mcu‘f uwmﬁlzro\[ »ec/ses ML/]
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Objective: First of the initial set of models simulating simple pull apart basins. I
- e The mylar configuration of the floor of the model will have the dimension as shown below. The fixed and L
mobile mylar sheets that will create the pull-apart basin will be mounted in the same configuration shown on |

page 47.
_ 350" T
— A
20 cm e
 —a -
o e Models will be scaled for length, the resulting model to tectonic prototype ratio is: ‘l,m‘mw

— length ratio = model/prototype
length ratio = 1 cm/321868 cm = 3.10686'10'6

This means that 1 cm in the model represents approximately 3.21 km in the prototype.

e  Once the mylar had been cut into the appropriate dimension as shown above and placed into the bottom of
the deformation box, then the dyed and undyed sand (see pg. 45 for preparation technique) was placed into
the model in alternating layers beginning with white on the bottom, next blue, and repeating the sequence for

— a total of six 1.25 cm layers. Total thickness of the model was 7.6 cm.

o e The amount of strike-slip displacement that this model will undergo is 5.08 cm. Using the equations on page

i 48 of this scientific notebook then the following parameters were determined for the model. A

— Linear Velocity (cm/hr) 2.38 cm/hr

— ' Number of pulses/second ‘ 5p/s

— Displacement 5.08 cm

o Number of Pulses from the Stepper Motor 38485 pulses R

e Therefore, at five (5) pulses per second, for a total of 38485 pulses, the model will take 2 hours, 8 minutes,
and 17 seconds to complete. .
e e Each role of film that is used contains 36 exposures, as such 36 may be divided into the time needed to run “
each model to obtain the interval time needed to program the Nikon F4 camera which will record the model
as it progresses from start to finish. This will be done for every model. For this model it resulted in an N
R interval time of 3 minutes, 34 seconds. Additionally, by using the data backs, each slide will be imprinted |
. with the date and a number, the numbers beginning with ‘1’ and increasing by the same factor so that the i
final picture has imprinted upon it the hiumber ’36°. The cameras are started simultaneously with the FW“
— computer program controlling the motion of the deformation box. |
e Description of the surface of the model will be made every 10 minutes throughout the duration of the model
run. These descriptions begin on the next page (pg. 50).
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®  One step motor will be used to drive the two screw

The model will be started at 12:20 pm, August 1, 1995 and stopped at 2:28:17” pm the same day. The

indexers and stepper motors that will be used to move the walls of the model are controlled by the NEC

computer and MS2000 software provided by Minarik Electronics of San Antonio.

jacks on the mobile walls of the deformation box which

are walls 1 and 2 (see pg. 47). The connections will look like those of setup #2 on page 34.

Description of Model Run Augustl, 1995

Time . Descriptions of Time Events
12:20 pm | Model run started

12:30 pm | Two symmetrical faults form which are bounding the graben formed by the stepping sections
of strike-slip displacement. The graben has downdropped slightyly.

12:40 pm | Riedel shears have developed along the pure strike-slip sections of the model at an angle of

about 15° to the main strike-slip faults. Two new faults have also formed as splays off of the

two first formed graben bounding faults. The graben have dropped down further.

12:50 pm | The Riedel shears have lengthened and are starting to show the sinusoidal shape predicted by
Andersonian fault theory. They are synthetic to the main portion of the strike-slip fault and

have the same sense of motion. The central graben has dropped down further and fault scarps
are starting to be more pronounced along them.

T

1:00 pm The Riedel shears are lengthening further and beginning to join with two new bounding faults
of the graben, outside of the two original faults. '

***Descriptions at this point were interupted because

of a tour by officials from the N.R.C. A short
plaining to them the model that was in progress and why
oposed repository at Yucca Mountain, Nevada.

el were continually exposed for the total duration of the
They are contained in the notebook holding all of the

presentation was given by Dr. David Ferrill ex
it was important to the investigation of the pr
Photographic slides of the surface of the mod
run up until 2:28:17” pm on August 1, 1995,
photographic slides for all model runs.

In a attempt saturate the completed model, three plastic funnels were placed into the sand and filled with
water allowing it to be introduced into the sand and cariied
the bottom up and took approximately 8 hours to saturate. Following this
removed to allow cross-sections to be made.
After removing the walls, it was determined that the model wa
oozed out of the lower layers, not able to stand in a vertical w
cross-sections however, a technique using two putty knives w
_cut and faults to be made out. One putty knife is placed verti
then used to scoop away the unwanted sand from
carefully slid vertically upward along the face of
additional material from behind the knife.

It was decided that the next model should have the same dimensions and parameters as this one.

$ too saturated with water as some of the sand
all as is needed. By attempting to take further
as used that still enabled cross-sections to be
cally into the sand, the second putty knife is

in front of the first. The first putty knife may then be

the new cross-section, being careful not to remove
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g ugust 3, 1995

R ® Objective: To model the same pull-apart as in the analogue model completed on Augustq, 1995. The new
technique of creating cross-sections will be used to see if it works well enough or if some other method
should be used. .

e ® The mylar configuration of the floor of the model will have the dimension as shown below. The fixed and

R mobile mylar sheets that will create the pull-apart basin will be mounted in the same configuration shown on
page 47.

® Models will be scaled for length, the resulting model to tectonic prototype ratio is: ‘NM
S— length ratio = model/prototype —
— length ratio = 1 cm/321868 cm = 3.10686-10°° L
T This means that 1 cm in the model represents approximately 3.21 km in the prototype. e
N ®  Once the mylar had been cut into the appropriate dimension as shown above and placed into the bottom of ~ ——} -

the deformation box, then the dyed and undyed sand (see pg. 45 for preparation technique) was placed into
the model in alternating layers beginning with white on the bottom, next red, and repeating the sequence for .
s a total of six 1.25 cm layers. Total thickness of the model was 7.6 cm. ’

®  The amount of strike-slip displacement that this model will undergo is 5.08 cm. Using the equationsonpage .|
I 48 of this scientific notebook then the following parameters were determined for the model. '
e Linear Velocity (cm/hr) 2.38 cm/hr B
S Number of pulses/second 5p/s T

Displacement 5.08 cm
Number of Pulses from the Stepper Motor | 38485 pulses

®  Therefore, at five (5) pulses per second, for a total of 38485 pulses, the model will take 2 hours, 8 minutes,
and 17 seconds to complete.
S ®  Each role of film that is used contains 36 exposures, as such 36 may be divided into the time needed to run
each model to obtain the interval time needed to program the Nikon F4 camera which will record the model
as it progresses from start to finish. This will be done for every model. For this model it resulted in an
— interval time of 3 minutes, 34 seconds. Additionally, by using the data backs, each slide will be imprinted =~ f—1
with the date and a number, the numbers beginning with ‘1’ and increasing by the same factor so that the

— final picture has imprinted upon it the number ’36°. The cameras are started simultaneously with the ‘
S computer program controlling the motion of the deformation box. " .

®  Description of the surface of the model will be made every 10 minutes throughout the duration of the model .
- run. These descriptions begin on the next page (pg. 53). : |




The model will be started at 12:40 p.m., August 3, 1995 and stopped at 2:48:17” p.m. the same day. The
indexers and stepper motors that will be used to move the walls of the model are controlled by the NEC
computer and MS2000 software provided by Minarik Electronics of San Antonio.

One step motor will be used to drive the two screwjacks on the mobile walls of the deformation box which

system on one end of the model (adjacent to wall # 1) and are believed to be the result of the position of the

[ ]
are walls 1 and 2 (see pg. 47). The connections will look like those of setup #2 on page 34.
Description of Model Run, August 3, 1995
Time Descriptions of Time Events
12:40 p.m. e Model started
12:50 p.m. e Normal faults bounding the graben can be seen starting to form.
They appear to be following the orientation of the step in the mylar between the two
strike-slip sections.
1:00 p.m. e Riedel shears form.
e  Additional normal fault appearing outside of the initial graben bounding faults.
1:10 p.m. o Riedel shears near the pull-apart have lengthened, one of them joining with the lower
outside (newest) graben bounding fault.
¢ No rotation has appeared yet with the first faults that formed.
1:20 p.m. e The only noticeable change is the addition of more Riedel shears and the increased
displacement of the already existing faults associated with the graben.
1:30 p.m. e  Fault scarps on the bounding faults are becoming larger and the tips are lengthening
' outward.
1:40 p.m. e The graben is widening as sand slumps off of the scarp and fills the graben.
: e  The graben has become noticeably deeper.
e Some Riedel shears are linking together
1:50 p.m. e Riedel shears are becoming further linked together by additional faults
2:00 p.m. e The graben has further deepened.
o Tips of the bounding faults have lengthened further out away from the central graben
2:10 p.m. e  Further deepening of the graben and slumping of sand from the fault scarps.
e Early formed Riedel shear has been cut and offset by a later Riedel shear
2:20 p.m. e Further deepening of the graben and slumping of sand from the fault scarps.
e The offset Riedel shear noted at 2:10 p.m. has been further offset.
2:30 p.m. e  More slumping and downdropping of the graben.
2:40 p.m. e  The fault scarps have become steeper and larger, though some sand still is slumping off
of them
2:48:17” p.m. The model was stopped
: Fault scarps along the edge of the graben are steep, and have a sigmoidal geometry.
The Riedel shears have been linked together by several faults and offset in a dextral
sense.
® Boundary effects noted in this model, and the one that was executed on August 1, 1995, are a thrust fault

mylar in relation to wall # 1 (pg. 47). To try and eliminate this boundary problem in the future, the

screwjacks for the next model will be moved into a new position and offset from one another as shown in the

illustration on page 51.
The model was saturated with water using the method described in the previous model (pg. 50).
Cross-section were made every 2cm and photographed accordingly. The cross-sections were cut

perpendicular to the main direction of strike-slip displacement at 2 cm intervals. Developed slides will be
placed into the folder holding slides for all models and will be kept in Bldg. 57, Lab L104. This model run is

designated as ‘8-3-95’.
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ugust 11, 1995

odel will have the dimension as shown below. The fixed and
apart basin will be mounted in the same configuration shown on

The mylar configuration of the floor of the m
mobile mylar sheets that will create the pull-
page 47.

400 " Mobile Mylar Sheet

—

30.48 ¢

Fixed Mylar Sheet

Models will be scaled for length, the resulting model to tectonic prototype ratio is:
- length ratio = model/prototype
length ratio = 1 cm/321868 cm = 3.10686-10°

This means that 1 cm in the model represents approximately 3.21 km in the prototype.

the model in alternating layers beginning with white on the bottom, next red, and repeating the sequence for 1
a total of six 1.25 cm layers. Total thickness of the model was 10.16 cm.

The amount of strike-slip displacement that this model will undergo is 7.62 cm. Using the equations on page ——f

48 of this scientific notebook then the following parameters were determined for the model.

Linear Velocity (cm/hr) 2.38 cm/hr , .

Number of pulses/second Sp/s

Displacement 7.62 cm a

Number of Pulses from the Stepper Motor | 57600 pulses -
. Therefore, at five (5) pulses per second, for a total of 57600 pulses, the model will take 3 hours, 12 minutes, "

to complete.

> as such 36 may be divided into the time needed to run ‘ -
each model to obtain the interval time needed to program the Nikon F4 camera which will record the model

as it progresses from start to finish. This will be done for every model. For this model it resulted in an e
interval time of 5 minutes, 20 seconds. Additionally, by using the data backs, each slide will be imprinted ‘

with the date and a number, the numbers beginning with ‘1’ and increasing by the same factor so that the S o A
final picture has imprinted upon it the number *36’. The cameras are started simultaneously with the —

computer program controlling the motion of the deformation box.




e The model will be started at 1:20 p.m., August 11, 1995 and stopped at 4:32 p.m. the same day. The
indexers and stepper motors that will be used to move the walls of the model are controlled by the NEC
computer and MS2000 software provided by Minarik Electronics of San Antonio.

e  One step motor will be used to drive the two screwjacks on the mobile walls of the deformation box which
are walls 1 and 2 (see pg. 47). The connections will look like those of setup #2 on page 34.

e Inan attempt to better preserve the fault scarps that form along the normal faults bounding the pull-apart,
synsedimentary layers will be added to the downdropped portion of the graben with every 1 cm of strike-slip
displacement. The first synsedimentary layer of sand will be yellow and will alternate with blue dyed sand.
One centimeter of displacement will happen every 25 minutes, 12 seconds.

Description of Model Run, August 11, 1995

Time Descriptions of Time Events
- 1:20 p.m. ®  Model started
1:30 p.m. ® No change was noted on the surface of the model.
1:40 p.m. e Two separate sets of faults bounding the graben have formed. An inner set and an outer |-
set.

The graben is beginning to drop down between the normal faults bounding it.
The outer set of faults appear to be a series of discontinuous segments.

* Riedel shears have formed in the lower right end of the pull-apart and are joining with
the outer set of faults.

1:45:12” p.m. | o  The first layer of yellow, synsedimentary, sand is added to the graben.
e 1 cm of displacement. '

1:50 p.m. * Riedel shears beginning to form at both ends of the graben and starting to join with the
outer bounding faults of the graben.
The normal bounding faults have propagated up through the yellow layer of fill.

2:00 p.m. Additional faults have developed linking Riedel shears together. '
Steep faults scarps have formed through the yellow layer of synsedimentary fill.
The graben has dropped down further and still seems to be oriented the same as the step

in the mylar basement.

2:10 p.m. The outer bounding faults are very steep and still seem to be linked segmented faults.
The main graben is continuing to subside.

The two inner normal faults can be seen on the interior portion of the graben.

2:10:24” p.m. The next layer of synsedimentary fill is added to the graben; blue sand was used.

2 cm strike-slip displacement.
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2:20 p.m. Faults have propagated up through the blue layer of synsedimentary fill

2:30 p.m. Outer faults have again propagated through the second layer of synsedimentary fill.
Steep walled normal faults.

Normal faults cutting through from one side to the other along the lower portion of the
graben.

®  Left, outer bounding fault is curving around in a series of stepped segments at the lower

end of the graben. Relay ramps have formed in between them.

2:35:36” p.m. | ®  The third layer of synsedimentary fill is added to the graben, color-... yellow.
¢ 3 cm of displacement.

2:40 p.m. *  Bounding faults and curved segments in the 2:20 description have propagated up
through the third layer of fill.

2:50 p.m. e  Faults have propagated up through the layers of fill.

Array of Riedel shears have linked together.

A newly formed normal faults has developed on the interior of the graben inside the left
bounding fault. -
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Segmented curved portions of the lower region of the graben are lengthening.

3:00 p.m.

The graben has down-dropped further.

Along the strike-slip portions of the model small push-ups and pull-aparts have
developed between Riedel shears.

Segmented and curved lower portion of the graben continues to form and lengthen.

3:00:48” p.m.

the fourth layer of synsedimentary fill is added, color... blue
4 cm of displacement.

3:10 p.m.

The graben bounding faults have once again propagated through the newest layer of fill
(blue). ' .
Segmented faults also continue to propagate through the synsedimentary layers.

Pull-aparts and push-up structures along the strike-slip portion of the model continue to
deepen and rise respectively.

3:20 p.m.

Fault scarps have continued to remain very steep and also have grown up through the
synsedimentary fill.

Curved segments still show relay ramps between them.

Push-ups and pull-aparts along the strike-slip sections of the model have continued to
rise and fall respectively.

Additional faults have formed in the central part of the graben.

3:26:00” p.m.

The fifth layer of fill is added to the graben, color..... yellow
5 cm of displacement.

3:30 p.m.

Bounding faults have propagated through the most recent layer of graben fill.
Pull-apart between Riedel shears in the lower right of the model has deepened and
faults have propagated through the yellow layer on the surface.

3:40 p.m.

The graben has now become noticeably wider.

Faults in the central part of the graben have propagated up through the yéllow and blue
layers filling the graben.

Curved segments are starting to link together.

Bounding faults are still very steep.

Push-up and pull-aparts along the strike-slip sections of the model continue to deform
as previously and as expected.

3:50 p.m.

Rotation of the outer bounding faults can now be seen as they are oriented differently
from the newly formed normal faults in the central graben.

Faults are still very steep.

Pull-apart along the lower strike-slip section has also deepened.

A complex arrangement of faults has developed in the middle of the graben.

3:50:12 p.m.

Added the sixth layer of basin fill to the graben, color... blue.
6 cm displacement.

4:00 p.m.

Displacement along the left side of the graben seems to now be focused upon a newly
developed fault in the middle of the graben.

The right side of the graben is still mostly having displacement on the outer bounding
faults of the graben. This may show an asymmetrical graben forming.

4:10 p.m.

A new normal fault has formed in the graben, it has the same sense of motion as the 2
to the left of it.

Faults scarps on all bounding faults are all very steep.

4:15:36” p.m.

The last layer of synsedimentary fill is added to the graben, color.... yellow.
7 cm of displacement.

4:20 p.m.

Faults has propagated up through the layers of fill.
All pull-aparts are actively downdropping.

4:30 p.m.

Normal faults bounding the graben have formed along the left side, dipping to the right.
Faults propagate upward through the basin fill and keep very steep dips.

The right side of the graben has appeared to hold only one major bounding fault during
the duration of the model run.

Segmented faults convert strike-slip to normal faults and are believed to be oblique slip
in nature.




4:32 p.m. e  The third model stops.
e A final layer of blue fill is added to the models surface in order to preserve the upper
surface during saturation.

e Because the first two models that were run took exceptionally long periods of time to
saturate, an attempt will be made to shorten the time needed by pouring water onto a wet
towel lying on the upper surface of the model. .

It was determined that the process described above will not work well. Air that is trapped
between the grains of sand is not alJowed to escape and resultsin pockets of dry sand in the
lower layers. The vertical sections'iéa%io not stand and allow photos to be taken. The next
models will use the prior process, even though it is more time consuming, which uses funnels
placed into the sand. This should allow the sand to saturate from the bottom up, forcing out
any air along the way.
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Aggust 25, :925
Objective: This is the fourth model that will be run and is still considered to be within the learning period

whereby the processes involved with creating flawless models, photos, and cross-sections can be perfected.
This will ensure that later models will be of higher quality and yield better results. The small side-walls for
the deformation apparatus will be used in this experiment.

The mylar configuration of the floor of the model will have the dimension as shown below. The fixed and

mobile mylar sheets that will create the pull-apart basin will be mounted in the same configuration shown on
page 47.

400\"\ Mobile Mylar Sheet

A
13.34 ¢

Fixed Mylar Sheet

Models will be scaled for length, the resulting model to tectonic prototype ratio is:
length ratio = model/prototype
length ratio = 1 ¢cm/100,000 cm = 1-10°

This means that 1 cm in the model represents approximately 1.0 km in the prototype.

Once the mylar had been cut into the appropriate dimension as shown above and placed into the bottom of
the deformation box, then the dyed and undyed sand (see pg. 45 for preparation technique) was placed into
the model in alternating layers beginning with white on the bottom, next red, and repeating the sequence for
a total of six layers each approximately 5 mm in thickness.. Total thickness of the model was 8.13 cm.

The amount of strike-slip displacement that this model will undergo is 8 cm. Using the equations on page 48
of this scientific notebook then the following parameters were determined for the model.

Linear Velocity (cm/hr) 3.81 cm/hr
Number of pulses/second 8 p/s
Displacement 8 cm
Number of Pulses from the Stepper Motor | 60472 pulses

Therefore, at eight (8) pulses per second, for a total of 60472 pulses, the model will take 2 hours, 5 minutes,
59 seconds to complete.

Each role of film that is used contains 36 exposures, as such 36 may be divided into the time needed to run
each model to obtain the interval time needed to program the Nikon F4 camera which will record the model
as it progresses from start to finish. This will be done for every model. For this model it resulted in an
interval time of 3 minutes, 30 seconds. Additionally, by using the data backs, each slide will be imprinted
with the date and a number, the.numbers beginning with ‘1” and increasing by the same factor so that the
final picture has imprinted upon it the number ’36’. The cameras are started simultaneously with the
computer program controlling the motion of the deformation box.

Description of the surface of the model will be made to coincide with every other photograph as it is taken
(every 7 minutes) throughout the duration of the model run. These descriptions begin on the next page (pg.
59). : : '

L
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e  The model will be started at 1:40 p.m., August 25, 1995 and stopped at 3:45:59” p.m. the same day. The
indexers and stepper motors that will be used to move the walls of the model are controlled by the NEC
computer and MS2000 software provided by Minarik Electronics of San Antonio.

® One step motor will be used to drive the two screwjacks on the mobile walls of the deformation box which

are walls 1 and 2 (see pg. 47). The connections will look like those of setup #2 on page 34.

e In an attempt to better preserve the fault scarps that form along the normal faults bounding the pull-apart,
synsedimentary layers will be added to the downdropped portion of the graben with every 1 cm of strike-slip

displacement for the first 7 centimeters of displacement. “The first synsedimentary layer of sand will be
yellow and will alternate with sand that has been dyed blue. One centimeter of displacement will happen
every 15 minutes, 45 seconds.

L‘l@

Description of Model Run, August 1995

Descriptions of Time Events

1:40 p.m.

Model started

1:47 p.m.

The first two faults bounding the down-dropped portion of the graben can be faintly
seen with the lowangle lighting.

1:54 p.m.

Normal displacement along the two initial graben bounding faults continuiing to take
place.

Curving along the left boundary fault into the strike-slip portion of the model is evident
but does not look to be accomplished by a series of segmented faults.

1:55:45” p.m.

1 cm of displacement.
First layer synsedimentary fill added to the surface of the model.
Color yellow.

2:01 p.m.

Boundary faults have propagated up through the yellow layer of fill.

Along the edge of the right boundary fault, it is beginning to merge with the strike-slip
portion of the model by what appear to be a series of segmented faults.

Boundary faults appear to be rather steep, similar to the previous models that have been
run.

- What appears to be a strike-élip fault has developed and runs through the interior of the

graben in a diagonal fashion from the lower right of the pull-apart to the top left. It has
dextral displacement. It is assumed to be strike-slip because it soes not dip to either
side and is seen only as a zone of shear on the surface of the model.

2:08 p.m.

Reidel shears have developed along the strike-slip portion of the model.

The faults bounding the graben have experienced further normal displacement and are
trying to merge into the strike-slip part of the model by what appear to be segemented
oblique-slip faults.

2:11:30” p.m.

2 cm of displacement.
Second layer of synsedimentary fill added to the surface of the model.
Color blue.

2:15 p.m.

The two faults that formed first have propagated through the most recent layer of
synsedimentary fill.

No new bounding faults have formed yet, none at least that have appeared at the surface
of the model.

A small pull-apart has formed along the strike-slip portion of the model.
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2:22 pm.

Displacement continues along the two major bounding faults of the graben.

The strike-slip section running through the middle of the graben has developed a small
push-up structure. This seems rather strange and is hypothesized to be the result of
walls 1 and 2 (pg. 47) being to xlose in proximity to the active portion of the pull-apart
model.

2:27:15” p.m.

3 cm of displacement.

S
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Third layer of synsedimentary fill added to the surface of the model
Color yellow.

- 2229 p.m.

Bounding faults have propagated through the latest yellow layer of synsedimentary fill.
Segmentation of the oblique-slip faults transferring normal to strike-slip displacement
can be seen breaking through the upper layer of the model.

2:36 p.m.

A normal fault has developed in an odd orientation, almost parallel to the direction of
strike-slip in the model. It is located in the center of the graben and runs from the left
boundary fault to the right where it joins with the strike-slip section cutting through the
center of the graben.

Displacement along the faults bounding the graben appears to have increased because
previous layers of blue synsedimentary fill can be seen along the edge of the graben.
The segmented oblique-slip faults continue to transfer normal to strtike-slip
displacement.

2:43 p.m.

Further displacement on all faults.
Segmented oblique-slip faults are becoming easier to see.

2:43 p.m.

4 cm of displacement.

Fourth layer of syssedimentary fill added to the model.
Color blue

2:49 p.m.

Faults have propagated through the layer of synsedimentary fill.
The strike-slip fault has also propagated through the layer of sedimentary fill.
The graben is now noticeably wider than at the beginning of the model.

2:56 p.m.

What was previously described as a strike-slip fault cutting through the central section
of the graben now appears to be an oblique-slip normal fault which dips towards the
right side of the model.

An additional and similar fault has developed almost parallel to the fault described
above.

The graben is continuing to drop further.

2:58:45” p.m.

5 cm of displacement.

Fifth layer of synsedimentary fill added to the model.
Color yellow.

3:03 p.m.

The faults bounding the graben have propagated through the top layer of graben fill.
The oblique-slip faults cutting through the central section of the graben are barely
discernable at the surface.

The graben has become considerably wider now that at the beginning of the model
simulation period.

3:10 p.m.

A complex array of linked faults has developed at the upper left portion of the model

where the strike-slip section merges into the faults of the graben itself. This may be due |

boundary effects caused by wall 1 of the model being too close to the graben formed by
the mylar basement. As wall 1 moves with dextral displacement it encounters the
graben and causes faults not usually associated with a pull-apart basin to form. These
faults resemble linked faults in the previous simulations that formed between Reidel
shears along the strike-slip portion of the model. This boundary effect might be
eliminatedeither by replacing the small side walls of the model with the longer ones, or,
by creating a smaller offset with the mylar basement between the strike-slip sections of
the model.

Segmented oblique-slip faults can still be seen transferring normal to strike-slip slip
displacement along the lower edge of the graben.

The graben continues to widen although there does not seem to be as much normal
displacement occurring on the bounding faults of the graben.

3:14:30” p.m.

6 cm of displacement.

Sixth layer of synsedimentary fill added to the model.

Color blue. -

Error occurred, a divot was made in the model with the sieve used to place
synsedimentary fill into the graben. This affect may be seen in the cross-sections. Care
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must be taken in the future to ensure that this does not happen again.

3:17 p.m.

Faults are just now beginning to propagate up through the surface of the model.
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3:24 p.m.

Faults have propagated up through the last layer of blue synsedimentary fill but appear
to have been affected by the error induced by dropping the seive onto the surface of the
model.

3:30:15” p.m.

7 cm of displacement.

Seventh and last layer of synsedimentary fill added the thé surface of the model.
Color yellow. ‘

3:31 p.m.

Nothing has propagated up through the layer of fill at this time.

3:38 p.m.

Faults have propagated through the layer of fill.

The pull-apart basin appears to be assymetric, like the previous models, and is thought
to be due to the mobile mylar sheet being on top of the fixed sheet. If the situation were
reversed, it is thought that a more symmetrical pull-apart basin would develop.

3:45 p.m.

on the left side of the model, more displacement appears to be being taken up on the
normal faults on the interior of the graben since displacement on the fault scarps on the
outermost bounding fault has decreased.

Dips of the faults still appear to be very steep.

At least three and possibly four normal faults are present on the left side of the graben
and dip towards the right. The right side of the graben is dominated by a single fault.

3:45:59” p.m.

Model was stopped

e The strike-slip faults that developed through the central portion of the graben are similar to those described

by Ken McClay (Geology, v. 23, pp. 711-714) which he called Cross-Basin Faults.




: : August 29, 1
®  Objective: This is the fifth model that will be run and is still considered to be within the learning period

whereby the processes involved with creating flawless models, photos, and cross-sections can be perfected.
This will ensure that later models will be of higher quality and yield better results. The small side-walls (20
inches each) for the deformation apparatus will be used in this experiment.

The mylar configuration of the floor of the model will have the dimension as shown below. Though this
model will have the same dimensions, i.e. 40° step measuring 13.34 cm, the Mobile Mylar Sheet will be

placed underneath the Fixed Mylar Sheet. It is hypothesized that a more symmetrically shaped graben will
form between the right-stepping strike-slip faults. -

40° . Mobile Mylar Sheet

—

13.34 cm

Fixed Mylar Sheet

Models will be scaled for length, the resulting model to tectonic prototype ratio is:
' length ratio = model/prototype
length ratio = 1 ¢m/100,000 cm = 1-10°°

This means that 1 cm in the model represents approximately 1.0 km in the prototype.

model was approximately 8.13 cm.

The amount of strike-slip displacement that this .model will undergo is 8 cm. Using the e

quations on page 48
of this scientific notebook then the following parameters were determined for the model.

Therefore, at eight (8) pulses per second, for a total of 60472 puises, the model will take 2 hours, 5 minutes,
59 seconds to complete. , -

Each role of film that is used contains 36 eXposures, as such 36 may be divided into the time needed to run
each model to obtain the interval time needed to program the Nikon F4 camera which will record the model
as it progresses from start to finish. This will be done for every model. - For this model it resulted in an
interval time of 3 minutes, 30 seconds. Additionally, by using the data backs, each slide will be imprinted
with the date and a number, the numbers beginning with ‘1’ and increasing by the same factor so that the
final picture has imprinted upon it the number *36°. The cameras are started simultaneously with the
computer program controlling the motion of the deformation box.

Description of the surface of the model will be made to coincide with every other photograph as it is taken

(every 7 minutes) throughout the duration of the model run. These descriptions begin on the next page (pg.
63). ’ g L

Linear Velocity (cm/hr) , 3.81 cm/hr '
Number of pulses/second 8 p/s

Displacement 8cm

Number of Pulses from the Stepper Motor | 60472 pulses




described by McClay (1995, see references).

Segmented oblique-slip faults have propagated up through the layer of synsedimentary
fill and are again clearly visible.

The graben has dropped down further.

1:47:15” p.m.

3 c¢cm of displacement.

" Third layer of synsedimentary fill added to the surface of the model

Color yellow.

1:49 p.m.

The only noticeable change in the model at this time is that the outermost normal faults
on either side of the graben have propagated up through the second layer of
synsedimentary fill (yellow layer).

1:56 p.m.

While both of the normal faults that bound the sides of the graben have propagated up
through the blue layer of synsedimentary fill, the left side is continuous and smooth, the
fault on the right side looks segmented into several smaller faults.

The two normal faults crossing obliquely to the main axis of the graben have also
propagated up through the layer of yellow fill.

2:03:00” p.m.

4 cm of displacement.
Fourth layer of synsedimentary fill added to the model.
Color blue

2:03 p.m.

All faults appear to continuing to deform as before.
A new normal fault appears to be forming along the lower portion of the graben in an
orientation similar to the two faults cutting the main axis of the graben.

2:10 p.m.

Most of the faults associated with the main pull-apart basin have propagated through
the latest layer of yellow synsedimentary fill. '

The graben is once again noticeably wider and the normal faults bounding it continue to
dip steeply.

2:17 p.m.

The right side of the graben is composed of a couple of different normal faults.
The two normal faults on the interior of the pull-apart, oblique to its axis are now easily
visible of the surface of the model.

2:18:45” p.m.

5 cm of displacement.
Fifth layer of synsedlmentary fill added to the model.
Color yellow.

224 pm.

Of the two normal faults bounding the right side of the graben, most of the
displacement seems to now be being taken up by the one more towards the interior of
the pull-apart and oblique to the main axis. . This is because the size of the shadow cast
from it is larger than the normal fault further from the center of the graben.
Displacement on the left side of the graben is still dominated by a single normal fault
though some displacement is being taken up on others.

2:31 p.m.

‘As described at 1:56 p.m., the fault on the right side of the pull-apart is segmented and

is not smooth along the surface. The normal faults on the left side of the model is still
smooth.

o - The graben has further deepened and has become slightly wider.

Most of the displacement is being taken up by the main bounding fault on the left side
of the graben and the smaller normal fault closer to the interior of the basin on the right.

2:34:30” p.m.

6 cm of displacement.

Sixth layer of synsedimentary fill added to the model.

Color blue.

Error occurred, a divot was made in the model with the sieve used to place

synsedimentary fill into the graben. This affect may be seen in the cross-sections. Care

must be taken in the future to ensure that this does not happen again.

2:38 p.m.

The more active faults have propagated through the latest layer of blue synsedimentary
fill.

2:45 p.m.

A peculiar normal fault has developed which dips towards the left. It begins in the
lower interior portion of the graben and run almost parallel to the outermost fault. At
about'the midpoint of the graben its strike changes abruptly and makes a jog towards
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The model will be started at 1:00 p.m., August 29, 1995 and stopped at 3:05:59” p.m. the same day. The
indexers and stepper motors that will be used to move the walls of the model are controlled by the NEC
computer and MS2000 software provided by Minarik Electronics of San Antonio.

One step motor will be used to drive the two screwjacks on the mobile walls of the deformation box which
are walls 1 and 2 (see pg. 47). The connections will look like those of setup #2 on page 34.

In an attempt to better preserve the fault scarps that form along the normal faults bounding the pull-apart,
synsedimentary layers will be added to the downdropped portion of the graben with every 1 cm of strike-slip
displacement for the first 7 centimeters of displacement. The first synsedimentary layer of sand will be
yellow and will alternate with sand that has been dyed blue. One centimeter of displacement will happen
every 15 minutes, 45 seconds. :

Description of Model Run, August 29, 1995

Time Descriptions of Time Events

1:00 p.m. e Model started.

1:07 p.m. e Two faults have formed which are bounding the graben which has only dropped down a

small amount.

®  The left fault is showing a slight curvature where it changes from normal to strike-slip
displacement along the left side of the model.

1:14 p.m.  Displacement on the left boundary fault of the graben progresses, the right side of the

graben is now bounded by what seem to be two faults, the one that initially formed, and
a splay coming off of it.

Riedel shears are now faintly appearing along the strike-slip portions of the model.

1:15:45” p.m.

I em of displacement.

First layer synsedimentary fill added to the surface of the model.
Color yellow. :

1:21 p.m.

The two faults bounding the graben have propagated up through the yellow layer of

synsedimentary fill.

* Both are curving into the strike-slip portions of the model by segmented sections of
possible oblique-slip faults.

* A fault is now visible in the central portion of the graben oblique to its axis. It could be
a strike-slip fault though in the last model that was run the same thing developed and

eventually turned into a normal fault. )

1:28 p.m. e  Faults bounding the graben appear to be very steep.

*  The fault that is cutting through the central part of the graben is a normal fault which is
dipping towards the lower left of the model. It does not follow the orientation of the
main axis of the graben.

e  Oblique-slip faults that are transferring normal to strike-slip displacement are now

- easily seen to be segmented along the top edge of the pull-apart basin that has formed.

The graben has both widened and deepened a large amount. V

1:31:30” p.m.

2 cm of displacement.

Second layer of synsedimentary fill added to the surface of the model.
Color blue.

1:35 p.m.

The only noticeable change in the model at this time is that the outermost normal faults
on either side of the graben have propagated up through the second layer of
synsedimentary fill (blue layer).

1:42 p.m. *  The fault on the right side of the graben has become segmented into several faults at

this time. : :

*  Two new normal faults have formed within the interior of the graben forming a new
depression that does not follow the orientation of the main graben. These faults run
from one side of the graben to the other. They look like the Cross-Basin Faults




the left side of the pull-apart.

2:50:15” p.m. |- 7 cm of displacement. S—
e Seventh and last layer of synsedimentary fill added the surface of the model. I

e Color yellow. b

2:52 p.m. e  Active faults have begun to propagate up through the last layer of synsedimentary fill —

which is yellow in color.

2:59 p.m. e  The faults have further continued to propagate through the fill layer. No new- faults
have been noticed forming on the surface of the model. .
The graben has further deepened. ' ]

3:05:59” p.m. | ® Model stopped |

e It appears that the active part of the pull-apart model could have been influenced by boundary effects caused S
by the walls of the model being too close. To control these effects it is necessary to do one of two things: (1) A
continue using the small side walls (20 inch) and make the offset strike-slip faults in the mylar smaller, or ]”“
(2), replace the smaller side walls with the longer ones that were used in the first three model runs. If the MWM}
longer side walls are used, walls 5 and 6 (see pg 51) will be moved closer to the interior of the model. This R
will enable a smaller amount of sand to be used in the model and is thus not expected to increase the time \ -
needed to saturate the model by more than one or two hours. ——
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., , September 11, 1995

Objective: This model will be the first in a series of models, all of which will have the same basic scale
factors and dlmensmns In the set of models, only the step angle between the strike-slip sections of mylar
will be changed (45° for this model). Upon competion of the suite of model a comparison will be made
noting changes in fault geometries between faults that are stepped at different angles.

The mylar configuration of the floor of the model will have the dimension as shown below. Though this _
model will have the same dimensions, i.e. 45° step measuring 21.55 cm, the Mobile Mylar Sheet will be

placed just touching the Fixed Mylar Sheet. It is hypothesized that a more symmetrically shaped graben will
form between the right-stepping strike-slip faults.

- Models will be scaled for length, the resulting model to tectonic prototype ratio is:

45° - Mobile Mylar Sheet

—;
1524 cm 21.55cm

Fixed Mylar Sheet

S—
length ratio = model/prototype — b
length ratio = 1 ¢cm/100,000 cm = 1-10”
- This means that 1 cm in the model represents approximately 1.0 km in the prototype. e
Once the mylar had been cut into the appropriate dimension as shown above and placed into the bottom of
the deformation box, then the dyed and undyed sand (see pg. 45 for preparation technique) was placed into
the model in alternating layers beginning with white on the bottom, followed by blue, white, red, and then I S
repeating the sequence for a total of eight layers, each approx1mately 1.25 cm in thickness.. Total thickness
of the model was approximately 10 cm. - T
The amount of strike-slip displacement that this model will undergo is 9 cm. Using the equations on page 48—
- of this scientific notebook then the following parameters were determined for the model.
Linear Velocity (cm/hr) 4.76 cm/hr
Number of pulses/second 10 p/s .
Displacement : 9cm
, Number of Pulses from the Stepper Motor | 68031 pulses S R
Therefore, at ten (10) pulses per second, for a total of 68031 pulses, the model will take 1 hour, 53 minutes, |
23 seconds to complete. 1
Each role of film that is used contains 36 exposures, as such 36 may be divided into the time needed to run T
each model to obtain the interval time needed to program the Nikon F4 camera which will record the model |-t
as it progresses from start to finish. This will be done for every model. For this model it resulted in an ]
interval time of 3 minutes, 30 seconds. Additionally, by using the data backs, each slide will be imprinted
with the date and a number, the numbers beginning with ‘1’ and increasing by the same factor so that the S
final picture has imprinted upon it the number >36°. The cameras are started simultaneously with the o
computer program controlling the motion of the deformation box. B
Description of the surface of the model will be made to coincide with every other photograph as it is taken e
(every 7 minutes) throughout the duration of the model run. These descrlptlons begin on the next page (pg. | 4
67).
: M .



®  The model will be started at 8:00 a.m., September 11, 1995 and stopped automatically at 9:53:23 a.m. the

67

same day. The indexers and stepper motors that will be used to move the walls of the model are controlled ...

- by the NEC computer and MS1.EXE software provided by Minarik Electronics of San Antonio.
i ®  One step motor will be used to drive the two screwjacks on the mobile walls of the deformation box which

are walls 1 and 2 (see pg. 47). The connections will look like those of setup #2 on page 34.

e In an attempt to better preserve the fault scarps that form along the normal faults bounding the pull-apart,

s synsedimentary layers will be added to the downdropped portion of the graben with every 1.5 cm of strike-
slip displacement for the first 7.5 centimeters of displacement. The first synsedimentary layer of sand will be -

yellow and will alternate with sand that has been dyed blue. One and one-half centimeter of displacement

e will happen every 19 minutes.

Description of Model Run, September 11, 1995

e Time

Descriptions of Time Events

8:00 am

Model run started

8:07 am

Bounding faults of the graben have formed, both have normal displacement.
The fault on the left side of the graben appears to be segmented with an additional part
of it forming further away from the center of the graben.

8:14 am

The normal faults bounding the graben have very irregular strikes.

Riedel shears have formed along the strike-slip sections of the model, near the apex of
the pull-apart on both ends.

The graben appears to have widened and deepened.

As with the last two models that were run, what appears to be a strike-slip fault has
formed in the central part of the graben and runs across the entire length of the graben.
This may be due to fault segmentation....when the deformation is for the pull-apart is
controlled by normal and strike-slip faults only, no oblique faults.

— 8:19 am

First layer of synsedimentary fill was added to the surface of the model, 1.5 cm
displacement.
Color yellow.

— - 8:21 am

Faults have propagated up through the yellow layer of fill.
Riedel shears have formed more extensively throughout the strike-slip sections of the
model.

o - 8:28 am

A large amount of normal dlsplacement has taken place along the bounding faults to the
graben.
The fault that runs through the central part of the graben has formed what looks like a

right step. The faults have appeared to have switched from more strike-slip to normal

displacement, both dipping towards the interior of the basin. This may also indicate
that a more symmetrical graben is forming, unlike the asymmetric models that were
previously created. :

- 8:35 am

Normal displacement continues to occur on the two main faults bounding the graben
causing it to both widen and deepen further.

Displacement also continues to happen on the two stepped faults in the interior of the
basin.

8:38 am

Second layer of synsedlmentary fill is added to the graben, 3 cm displacement.
Color, blue.

— 8:42 am

Based on the size of the fault scarps for the two major bounding faults of the graben,
the fault on the right side appears to be experiencing a larger amount of displacement.
Where the bounding faults merge into the strike-slip section of the model, they appear
to be several stepped faults or a single fault with a very irregular strike.

Some of the Riedel shears have been further linked together by additional shears.
Several faults now make up the left hand side of the pull-apart, the right hand side
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appears to still be dominated by a single fault indicating that the graben may not be as
symmetrical as was originally thought.
Scarps associated with the normal faults are very steep.

8:49 am

Displacement on the left side of the graben is occurring on at least three different faults.
Displacemert on the right side of the pull-apart is still controlled by the bounding fault.

8:52 am

Third layer of synsedimentary fill is added to the pull-apart, 4 cm displacement.

Color, yellow.

The layer was added before it was scheduled because displacement was causing sand to
slump off of the faults scarps and possibly distort them when cross-sections are made.
From this point on, additional synsedimentary fill will be added at approximately every

1 cm displacement, up until 7 cm total strike-slip displacement. This will happen about
every 12 minutes.

8:56 am

Faults have propagated up through the latest layer of sedimentary fill.
Most noticeable at this point is a normal faults that has formed which runs from the
right boundary fault towards the left side of the model. It has very irregular trace.

9:03 am

A small pull-apart may be forming along a section of Riedel shears just outside and to
the left of the main pull-apart graben.
The graben is continuing to widen

9:04 am

Fourth layer of synsedimentary fill is added to the pull-apart graben, 5 cm
displacement.
Color, blue

9:10am.

Most of the faults have propagated up through the layer of blue fill.
The small pull-apart between Riedel shears has deepened considerably.
Faults continue to be very irregular along their strike.

9:17 am

The graben has further widened.

A new fault that appears to be mostly strike-slip is beginning to form as before, cutting
through the central portion of the graben along its length. It might turn into a normal
fault after more displacement.

The other normal faults continue to deform as before. .
Irregularity along strike is still common as well as faults scarp being very steep along
the boundary faults of the graben.

Fifth layer of synsedimentary fill added to the graben, 6 cm displacement.
Color, yellow.

9:24 am

Faults are propagating up through the latest layer of synsedimentary fill.

The fault striking through the length of the graben does indeed now appear to be a
normal fault.

9:29 am

Seventh and final layer of synsedimentary fill added to the surface of the model after 7
cm of displacement.
Color, blue.

9:31 am

Faults are propagating through the last layer of blue fill.

9:38 am

No additional faults have formed and all previous are continuing as before.

9:45 am

While the right side of the pull-apart still appears to be dominated by the most part by a
single fault, the left side of the model has displacement occurring on several faults.

9:52 am

The faults bounding the two sides of the graben differ in appearances. The faults
making up the left boundary of the graben have very irregular strikes. The fault
bounding the right side of the pull-apart has a more consistent strike, though there is
some slight undulation along its strike as well.

Several faults cut through the central portion of the graben though their amount of
normal displacement is rather small at this point. They are mostly discernible from
their shear zones which are visible on the surface of the model.

9:53:20” am

Model stopped
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September 25, 1995

Objective: This model will be the second model in a series of models, all of which will have the same basic
scale factors and d1mens1ons In the set of models, only the step angle between the strike-slip sections of
mylar will be changed (40° for this model). Upon completion of the suite of model a comparison will be
made noting changes in fault geometries between faults that are stepped at different angles. Also noted will
be features that are constant from one model to the next.

The mylar configuration of the floor of the mode] will have the dimension as shown below. Though this

mode] will have the same dimensions, i.e. 40° step measuring 21.55 cm, the Mobile Mylar Sheet will be
placed just touching the Fixed Mylar Sheet..

40° - Mobile Mylar Sheet

A
1524 cm 21.55¢m

Fixed Mylar Sheet

Models will be scaled for length, the resulting model to tectonic prototype ratio is:
length ratio = model/prototype
length ratio = 1 ¢m/100,000 cm = 1107

This means that 1 cm in the model represents approximately 1.0 km in the prototype.

Once the mylar had been cut into the appropriate dimension as shown above and placed into the bottom of
the deformation box, then the dyed and undyed sand (see pg. 45 for preparation technique) was placed into
the model in alternating layers beginning with white on the bottom, followed by blue, white, red, and then

repeating the sequence for a total of eight layers, each approximately 1.25 cm in thickness.. Total thickness
of the model was approximately 10 cm.

The amount of strike-slip displacement that this model will undergo is 9 cm. Using the equations on page 48

of this scientific notebook then the following parameters were determined for the model.
Linear Velocity (cm/hr) 4.76 cm/hr
Number of pulses/second 10 p/s
Displacement 9 cm

Number of Pulses from the Stepper Motor | 68031 pulses

Therefore, at ten (10) pulses per second, for a total of 6803 1 pulses, the model will take 1 hour, 53 minutes,
23 seconds to complete.

Each role of film that is used contains 36 exposures, as such 36 may be divided into the time needed to run
each model to obtain the interval time needed to program the Nikon F4 camera which will record the model
as it progresses from start to finish. This will be done for every model. For this model it resulted in an
interval time of 3 minutes, 30 seconds. Additionally, by using the data backs, each slide will be imprinted
with the date and a number, the numbers beginning with ‘1° and increasing by the same factor so that the
final picture has imprinted upon it the number *36’. The cameras are started simultaneously with the

‘computer program controlling the motion of the deformation box.

Description of the surface of the model will be made to coincide with every other photograph as it is taken

(every 7 minutes) throughout the duration of the model run. These descriptions begin on the next page (pg.
75).
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The model will be started at 8:00 a.m., September 25, 1995 and stopped automatically at 9:53:23 a.m. the

[
same day. The indexers and stepper motors that will be used to move the walls of the model are controlled
by the NEC computer and MS1 EXE software provided by Minarik Electronics of San Antonio.

e  One step motor will be used to drive the two screwjacks on the mobile walls of the deformation box which
are walls 1 and 2 (see pg. 47). The connections will look like those of setup #2 on page 34.

e In an attempt to better preserve the fault scarps that form along the normal faults bounding the pull-apart,
synsedimentary layers will be added to the downdropped portion of the graben with every 1 cm of strike-slip ..
displacement for the first 8 centimeters of displacement. The first synsedimentary layer of sand will be
yellow and will alternate with sand that has been dyed blue. One centimeter of displacement will happen
every 12 minutes 36 seconds.

Description of Model Run, September 25. 1995
Time - Descriptions of Time Events
8:00 am e Model run started.
8:07 am e Two normal faults, as in all of the other models, which bound either side of what will
become the graben.
e  The fault on the fixed side appears to be more irregular along its strike than the fault on
the mobile side of the graben. ,
81236’ am | e First layer of yellow synkinematic fill was added to the graben that has formed in the
model. '
8:14 am e Two en-echelon Riedel shears have formed along the lower strike-slip section of the
model.
e  The graben has widened and the boundary faults of the graben have propagated up
through the yellow layer of fill.
e The hint of a strike-slip fault running from one apex of the graben diagonally across the
interior to the other apex can faintly be seen.
8:21 am e The graben has continued deepen.
e  The strike-slip fault running diagonally through the central part of the graben is
continuing to experience displacement.
e  An extensive system of Riedel shears have formed along both strike-slip sections of the
model. '
e  Another strike-slip, or perhaps fault with reverse sense of displacement, is forming
through the upper section of the graben.
825:127am | e Second layer of synsedimentary fill is added to the graben, color blue.
8:28 am Faults have propagated up through the last layer of synsedimentary fill.
The two strike-slip faults in the interior of the graben are continuing to experience
displacement.
8:35 am e Another strike-slip fault has formed near the upper apex of the graben and may be
linked to one of the nearby Riedel shears.
-e  The graben has further deepened.
e The trace of the strike-slip fault nearest the center of the graben appears to have become
more irregular since its initial formation.
837-48” am | e  Third layer of synkinematic fill was added to the graben as fill.
e 3 cm displacement.
8:42 am e Boundary faults have propagated up through the latest layer of fill.
e  The strike-slip faults near the upper interior portion of the graben have also reappeared.
. 8:49 am e The strike-slip fault at the upper apex of the graben appears that it may have now

shifted in orientation to a reverse sense of displacement. Its strike has also become
more irregular, not straight as it was when it initially formed.
The strike-slip fault running through the center of the pull-apart has developed a bend
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along its strike but for the most part is still purely strike-slip.

e  The faults bounding the graben have very steep dips associated with them.
8:50:24” e The fourth layer of synsedimentary fill was added to the pull-apart, color blue. e
j e 4 cm of strike-slip displacement. \‘r_
o 8:56 am o  The faults are continuing to undergo displacement as in the description of 8:49 am. :

‘ 9:03 am e A new fault can now be noticed towards the interior of the graben from the left R
boundary fault. It appears to have a normal sense of displacement but if rotated as is ~—
suspected to have happened in the other models it may appear to have a reverse sense of ._\i \

.

displacement when cross-sections are cut.

e The strike-slip faults within the interior of the graben look as though they may possibly S
show a reverse sense of displacement when cross-sections are made.

e One of the strike-slip faults near the upper apex of the pull-apart has developed a splay .
at one end of its trace. e

e The fifth layer of synsedimentary fill was added to the graben, color yellow.

e 5cm of displacement.

9:10 am e  Graben has widened and further deepened. T

The additional normal fault on the left interior side of the graben appears to be taking

up more of the displacement for that section of the pull-apart.

9:15:36”am | e The sixth layer of synkinematic fill was added to the pull-apart, color blue. T

6 cm if displacement.

9:17 am ¢  Faults have propagated up through the latest layer of fill.

9:24 am e  Most of the normal displacement along the left side of the graben is now being taken up
on a new fault, not the boundary fault that formed initially. It looks as though the fault e
taking up this displacement may join the strike-slip fault at the upper apex of the pull-
apart. At some point along this fault then there must be taklng place some form of
oblique-slip shearing in the sand.

e Asaresult, a narrower section of the graben is only now actively being part of the pull-
apart. In other words the active portion of the graben is not as wide as it was at
previous times of the modelrn. [ T

9:28:12”am | o This being 7 cm of strike-slip displacement, another layer of synsedimentary fill was

added to the interior of the pull-apart, color yellow.

9:31 am e  Faults are just now starting to propagate through the last layer of yellow fill.

The photograph at this time (# 28) should show the smaller active area of the pull-apart

that is now active.

. -

9:38 am e Both sides of the graben look have approximately equal displacement.
e  Fault traces on the left side of the pull-apart are irregular.
e Several relay ramps can also be seen along the normal faults in the model.
o  There is still a strike-slip fault cutting through the center of the graben, from one apex ,
to the other. g
9:40:48” am | e The final layer of synkinematic fill was added to the surface of the pull-apart, color .
blue.
e 8 cm of displacement. ‘ -1
9:45 am e  Faults have propagated up through the latest layer of fill. e
The active part of the pull-apart is still narrower than it once was. , '
9:52 am ¢ Normal displacement at the upper section of the graben has shifted like the left side to a T
fault that is more towards the interior of the pull-apart. ke
e Other than this, all of the faults active in the previous description are still active. o
9:53:20” am | ¢ The model run stopped. - 7
e










October 2, 1995

®  Objective: This model will be the third model in a series of models, all of which will have the same basic
J— scale factors and dimensions. In the set of models, only the step angle between the strike-slip sections of
mylar will be changed (35° for this model). Upon completion of the suite of model a comparison will be
T—— made noting changes in fault geometries between faults that are stepped at different angles. Also noted will
S be features that are constant from one model to the next.
. ®  The mylar configuration of the floor of the model will have the dimension as shown below. Though this
model will have the same dimensions, i.e. 35° step measuring 21.55 cm, the Mobile Mylar Sheet will be
— placed just touching the Fixed Mylar Sheet.. '
o 35° Mobile Mylar Sheet
— - I -
R 1524cm 25.87 cm
Fixed Mylar Sheet
P T — ﬁ . R
S S
—— ®  Models will be scaled for length, the resulting model to tectonic prototype ratio is: s
- length ratio = model/prototype |-
| length ratio = 1 ¢m/100,000 cm = 1-10° |
R This means that 1 cm in the model represents approximately 1.0 km in the prototype. -——-F‘“‘“
— R
®  Once the mylar had been cut into the appropriate dimension as shown above and placed into the bottom of
s the deformation box, then the dyed and undyed sand (see pg. 45 for preparation technique) was placed into ~ —f
o the model in alternating layers beginning with white on the bottom, followed by blue, white, red, and then b
repeating the sequence for a total of eight layers, each approximately 1.25 cm in thickness.. Total thickness
— of the model was approximately 10 cm. —r
R ®  The amount of strike-slip displacement that this model will undergo is 9 cm. Using the equations on page 48 _}—
of this scientific notebook then the following parameters were determined for the model. -
T Linear Velocity (cm/hr) 4.76 cm/hr
S Number of pulses/second 10 p/s —T
R Displacement 9cm 1
S Number of Pulses from the Stepper Motor | 68031 pulses ot
o ®  Therefore, at ten (10) pulses per second, for a total of 68031 pulses, the model will take 1 hour, 53 minutes, S —
23 seconds to complete.

Each role of film that is used contains 36 exposures, as such 36 may be divided into the time needed to run "”"Tww
— each model to obtain the interval time needed to program the Nikon F4 camera which will record the model I
as it progresses from start to finish. This will be done for every model. For this model it resulted in an

~ interval time of 3 minutes, 30 seconds. Additionally, by using the data backs, each slide will be imprinted —
— with the date and a number, the numbers beginning with ‘1’ and increasing by the same factor so that the e
final picture has imprinted upon it the number *36°. The cameras are started simultaneously with the -

T computer program controlling the motion of the deformation box. ,

— ®  Description of the surface of the model will be made to coincide with every other photograph as it is taken ~’f“

(every 7 minutes) throughout the duration of the model run. These descriptions begin on the next page (pg. __/_hw
— 79). e "
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e  The model will be started at 8:00 a.m., October 2, 1995 and stopped automatically at 9:53:23 a.m. the same e
day. The indexers and stepper motors that will be used to move the walls of the model are controlled by the

NEC computer and MS1.EXE software provided by Minarik Electronics of San Antonio. T

e  One step motor will be used to drive the two screwjacks on the mobile walls of the deformation box which =~ =

are walls 1 and 2 (see pg. 47). The connections will look like those of setup #2 on page 34. o

e In an attempt to better preserve the fault scarps that form along the normal faults bounding the pull-apart,
synsedimentary layers will be added to the downdropped portion of the graben with every 1 cm of strike-slip —

displacement for the first 8 centimeters of displacement. The first synsedimentary layer of sand will be J—

yellow and will alternate with sand that has been dyed blue. One centimeter of displacement will happen

every 12 minutes 36 seconds. o

Description of Model Run, October 2, 1995 T

Time Descriptions of Time Events o
8:00 am e  Model run started. —
8:07 am The two major boundary faults of the graben have formed.

They seem to be closer together than in previous models with higher degrees of offset T
: between the strike-slip sections of the model. i
8:12:36” am First layer of synkinematic fill added to the graben, color yellow. )
1 cm strike-slip displacement. a
8:14 am e  Two new faults have formed outside of the two initial ones. They now bound the -
graben on either side. =
e A system of Riedel shears have begun to form on both strike-slip sections of the model.
8:21 am e  The graben itself has become wider and what appears to be a strike-slip fault has T
formed near the upper-left portion of the model. -
e  Depth of the graben has also increased as well.
e  The system of Riedel shears has also continued to form. -
8:25:12”am | e Second layer of synsedimentary fill is added to the graben, color blue. I
‘ e 2 cm of displacement.
8:28 am e  Faults are propagating up through the layer of synsedimentary fill. o
8:35 am e  The graben is continuing to drop. —
e The strike-slip faults in the interior of the graben are also continuing to form.
e No new active normal have formed as of yet. T
8:37:48”am | e The third layer of synkinematic fill was added to the graben, color yellow. —
e 3 cm of displacement.
8:42 am ¢  Faults have propagated up through the layer of fill just added to the graben.

: e  The strike-slip faults have also reformed through the fill layer. —
8:49 am e The strike-slip faults seem to have moved further into the pull-apart o
8:50:24” e The fourth layer of fill is added to the graben, color blue.

e 4 cm of displacement. : —
8:56 am e  Faults have propagated up through the latest layer of blue fill. —
9:03 am e  The strike-slip faults have further developed in the interior of the basin are almost go
from one apex to the other. T
e The fifth layer of fill was added to the interior of the graben, color yellow. J—
e 5 cm of displacement.
9:10 am e The strike-slip faults seem to be the only ones that are visibly active in the interior of —
the basin. They may have some normal displacement taking place on them now. —
9:15:36” am | ¢ The sixth layer of synkinematic fill was added to the pull-apart, color blue.
e 6 cm of displacement. o
9:17 am e  Faults are just now propagating up through the layer of synkinematic fill. —




9:24 am ®  The active part of the left side of the graben now appears to have shifted more to the
interior of the pull-apart.
* A strike-slip fault has formed in the interior of the graben.
9:28:12”am | e  The seventh layer of synkinematic fill was added to the model.
® 7 cm of displacement.
9:31 am ®  Faults are just now propagating up through the layer of synkinematic fill.
9:38 am ®  The strike-slip faults in the interior of the graben are continuing to experience
deformation.
9:40:48” am The eighth and final layer of fill was added to the interior of the pull-apart.
8 cm displacement, color blue.
9:45 am ¢  Faults are just now propagating up through the layer of synkinematic fill.
®  The active portion of the pull-apart is much narrower.
9:52 am .
9:53:20”am | e Model run stopped.
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e October 5, 1995
— ) 45 —
. o ~—
— ®  Objective: This model will be the fourth model in a series of models, all of which will have the same basic —_
. scale factors and dimensions. In the set of models, only the step angle between the strike-slip sections of -
mylar will be changed (30° for this model). Upon completion of the suite of model a comparison will be i
e made noting changes in fault geometries between faults that are stepped at different angles. Also noted will -
o be features that are constant from one model to the next. T
® The mylar configuration of the floor of the model will have the dimension as shown below. Though this TN
- model will have the same dimensions, i.e. 30° step measuring 21.55 cm, the Mobile Mylar Sheet will be —
i placed just touching the Fixed Mylar Sheet.. ’
—
— —q
- 307 Mobile Mylar Sheet .
N [—
— 1524 cm  30.50 cm
—
- Fixed Mylar Sheet L“"‘\w—*—»
Mwwm
—d
) ® ' Models will be scaled for length, the resulting model to tectonic prototype ratio is:
length ratio = model/prototype I e
length ratio = 1 ¢cm/100,000 cm = 1-10° —
- s—
This means that 1 cm in the model represents approximately 1.0 km in the prototype.
® - Once the mylar had been cut into the appropriate dimension as shown above and placed into the bottom of e
— the deformation box, then the dyed and undyed sand (see pg. 45 for preparation technique) was placed into |
the model in alternating layers beginning with white on the bottom, followed by blue, white, red, and then -
- repeating the sequence for a total of eight layers, each approximately 1.25 cm in thickness.: Total thickness = ~——}—
of the model was approximately 10 cm. 1
. ®  The amount of strike-slip displacement that this model will undergo is 9 cm. Using the equations on page 48 *
of this scientific notebook then the following parameters were determined for the model. ' .
Linear Velocity (cm/hr) 4.76 cm/hr -
Number of pulses/second 10 p/s ‘ —
Displacement ‘ 9 cm ' I
Number of Pulses from the Stepper Motor | 68031 pulses ‘

®  Therefore, at ten (10) pulses per second, for a total of 68031 pulses, the model will take 1 hour, 53 minutes,
23 seconds to complete. . e
- ® Each role of film that is used contains 36 exposures, as such 36 may be divided into the time needed torun . | 'L
each model to obtain the interval time needed to program the Nikon F4 camera which will record the model
as it progresses from start to finish. This will be done for every model. For this model it resulted in an e
- interval time of 3 minutes, 30 seconds. Additionally, by using the data backs, each slide will be imprinted

with the date and a number, the numbers beginning with ‘1’ and increasing by the same factor so that the
- final picture has imprinted upon it the number ’36’. The cameras are started simultaneously with the S
computer program controlling the motion of the deformation box. A
_ ®  Description of the surfac_e of the model will be made to coincide with every other photograph as it is taken .
(every 7 minutes) throughout the duration of the model run. These descriptions begin on the next page (pg. [~
83).

§ . i



- 83

- e The model will be started at 8:00 a.m., October 5, 1995 and stopped automatically at 9:53:23 a.m. the same
day. The indexers and stepper motors that will be used to move the walls of the model are controlled by the
NEC computer and MS1.EXE software provided by Minarik Electronics of San Antonio. —

®  One step motor will be used to drive the two screwjacks on the mobile walls of the deformation box which

- are walls 1 and 2 (see pg. 47). The connections will look like those of setup #2 on page 34.

¢ Inan attempt to better preserve the fault scarps that form along the normal faults bounding the pull-apart, B
synsedimentary layers will be added to the downdropped portion of the graben with every 1 cm of strike-slip

- displacement for the first 8 centimeters of displacement. The first synsedimentary layer of sand will be

yellow and will alternate with sand that has been dyed blue. One centimeter of displacement will happen
every 12 minutes 36 seconds.

- @ -

v
o
Description of Model Run, Octoberl 2 1995 » S

Time ' Descriptions of Time Events S
- 8:00 am ®  Model run started.
8:07am | ¢  The two faults bounding the outer edges of the pull-apart have started to form and are
' fairly close together. —
®  The two faults both consist of two en-echelon segments apparently following the step
between the strike-slip sections of the model.
First layer of synkinematic fill added to the graben, color yellow. ' e
1 ¢m strike-slip displacement. ’
A large Riedel-shear has formed near the lower apex of the pull-apart graben.
The strike of the boundary faults are irregular and not straight. T
The strike-slip faults (shear zones) seen in the other models have formed at the upper
apex of the model and runs through the pull-apart, close to the right boundary fault.
. . The graben seems to be deeper at its upper section compared to the portions near the
lower apex of the pull-apart. : —
Second layer of synsedimentary fill is added to the graben, color blue.
2 cm of displacement.
8:28am - | e  Faults have propagated up through the layer of synsedimentary fill. ' ———
: The strike-slip fault cutting through the graben has continued to form and looks to be
. connected to a Riedel shear near the upper apex of the pull-apart.
| ® The boundary fault on the mobile side of the model has kept a very irregular —
appearance along strike while the boundary fault along the left side of the graben is '
straighter along strike. .
*  The lower part of the graben curves into the strike-slip section of the model by a series  —
of en-echelon normal faults with relay ramps in between them.

8:12:36” am -

81dam = |

8:21 am

825:12” am

8:35 am * No notable changes have occurred since the last description, faults continue to deform
~ as before. : B
8:37:48” am | e  The third layer of synkinematic fill was added to the graben, color yellow, R
- ® 3 cm of displacement.
. 8:42 am °  Faults have propagated up through the layer of synsedimentary fill. m—
8:49 am ®  The strike-slip fault cutting through the top section of the pull-apart may be S

‘sandwiching’ a part of the layered sand up against the boundary fault to the right and
. creating a small section with a reverse sense of displacement. T
®  No new faults seem to have formed in the interior of the pull-apart.
8:50:24” ® The fourth layer of fill is added to the graben, color blue.

] | ® 4 cm of displacement. T
8:56 am ®  The strike-slip fault at the upper portion of the graben is still active and may transform U—
into a fault with reverse displacement.




9:03 am

The strike-slip fault at the upper portion of the graben is still active,

The fifth layer of fill was added to the interior of the graben, color yellow.
5 cm of displacement.

9:10 am

A normal fault splaying from the left boundary fault now cuts through the interior of
the graben.

9:15:36” am

The sixth layer of synkinematic fil] was added to the pull-apart, color blue.
6 cm of displacement.

9:17 am

Faults have propagated up through the latest layer of fill.

9:24 am

The lower right section of the graben appears to still be deepening more than the
portion near the top of the pull-apart.

If there are more active faults, they must be active only in the subsurface as they do not
reveal themselves on the surface of the model.

There is another fault that has formed with strike-slip displacement close the first one
that formed at the upper edge of the pull-apart.

9:28:12” am

The seventh layer of synkinematic fill was added to the model.
7 cm of displacement, color yellow.

9:31 am

Faults propagating up through the last iayer of yellow fill.

9:38 am

Most of the displacement on the left edge of the pull-apart is now being taken up by the
fault closer to the interior of the graben.

A couple of very small normal faults have formed in the interior of the graben.

9:40:48” am

The eighth and final layer of fill was added to the interior of the pull-apart.
8 cm displacement, color blue.

9:45 am

Faults propagating up through the last layer of yellow fill.

9:52 am

Several small normal faults have reformed in the interior of the model.

- The strike-slip faults are also still present and may, when cross-sections are made, be

related to a fault with reverse sense of displacement.

9:53:20” am

Model run stopped.
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October 23, 1995

fD!
Objective: This model will be the fourth model in a series of models, all of which will have the same basic
scale factors and dlmenswns In the set of models, only the step angle between the strike-slip sections of
mylar will be changed (25 for this model). Upon completion of the suite of model a comparison will be
made noting changes in fault geometries between faults that are stepped at different angles. Also noted will
be features that are constant from one model to the next.
The mylar configuration of the floor of the model will have the dimension as shown below. Though this

model will have the same dimensions, i.e. 25° step measuring 21.55 cm, the Mobile Mylar Sheet will be
placed just touching the Fixed Mylar Sheet..

250‘:\.._\ Mobile Mylar Sheet

A
1524 cm  35.00 cm

Fixed Mylar Sheet

Models will be scaled for length, the resulting model to tectonic prototype ratio is:
length ratio = model/prototype
length ratio = 1 ¢cm/100,000 cm = 1-10°

This means that 1 cm in the model represents approximately 1.0 km in the prototype.

Once the mylar had been cut into the appropriate dimension as shown above and placed into the bottom of
the deformation box, then the dyed and undyed sand (see pg. 45 for preparation technique) was placed into
the model in alternating layers beginning with white on the bottom, followed by blue, white, red, and then

repeating the sequence for a total of eight layers, each approximately 1.25 cm in thickness.. Total thickness
of the model was approximately 10 cm.

The amount of strike-slip displacement that this model will undergo is 9 cm. Using the equations on page 48
of this scientific notebook then the following parameters were determined for the model.

Linear Velocity (cm/hr) 4.76 cm/hr
Number of pulses/second 10 p/s
Displacement 9cm
Number of Pulses from the Stepper Motor | 68031 pulses

Therefore, at ten (10) pulses per second, for a total of 68031 pulses, the model will take 1 hour, 53 minutes,
23 seconds to complete.

Each role of film that is used contains 36 exposures, as such 36 may be divided into the time needed to run
each model to obtain the interval time needed to program the Nikon F4 camera which will record the model
as it progresses from start to finish. This will be done for every model. For this model it resulted in an
interval time of 3 minutes, 30 seconds. Additionally, by using the data backs, each slide will be imprinted
with the date and a number, the numbers beginning with ‘1’ and increasing by the same factor so that the
final picture has imprinted upon it the number *36°. The cameras are started simultaneously with the
computer program controlling the-motion of the deformation box.

Description of the surface of the model will be made to coincide with every other photograph as it is taken

(every 7 minutes) throughout the duration of the model run. These descriptions begin on the next page (pg.
89).
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The model will be started at 8:00 a.m., October 23, 1995 and stopped automatically at 9:53:23 a.m. the same |

day. The indexers and stepper motors that will be used to move the walls of the model are controlled by the
NEC computer and MS1.EXE software provided by Minarik Electronics of San Antonio.

One step motor will be used to drive the two screwjacks on the mobile walls of the deformation box which
are walls 1 and 2 (see pg. 47). The connections will look like those of setup #2 on page 34.

In an attempt to better preserve the fault scarps that form along the normal faults bounding the pull-apart,
synsedimentary layers will be added to the downdropped portion of the graben with every 1 cm of strike-slip
displacement for the first 8 centimeters of displacement. The first synsedimentary layer of sand will be
yellow and will alternate with sand that has been dyed blue One centimeter of displacement will happen
every 12 minutes 36 seconds.

Description of Model Run, October 23, 1995

Time Descriptions of Time Events

8:00 am Model run started.

8:07 am No change on the surface of the model.

8:12:36” am First layer of synkinematic fill added to the graben, color yellow.
1 cm strike-slip displacement.

- The two faults that bound the graben have formed and are each segmented into two

8:14 am
' different en-echelon sections.

8:21 am Two faults now bound the left side of the graben. -

The right side of the pull-apart is very irregular along strike.

As in the other models, a cross-basin fault has formed cutting through the upper section
of the pull-apart.

e Riedel shear systems have formed and some may merge into the boundary faults of the

graben.

8:25:12”am | e Second layer of synsedimentary fill is added to the graben, color blue.
2 cm of displacement.

8:28am -~ | e The graben has dropped down via normal displacement on the faults bounding the
graben.

8:35 am e  The strike-slip fault that is cutting through the upper portion of the pull-apart has
propagated through the second layer of synkinematic fill.

e  The graben has also become wider.
e Relay ramps have formed along some sections of the two boundary faults.
8:37:48” am | e The third layer of synkinematic fill was added to the graben, color yellow.
e 3 cm of displacement.
8:42 am o  Faults are propagating up through the layer of ﬁll that was just added to the interior of

the graben.
e  The strike-slip fault is also continuing to experience displacement, cutting through the
upper section of the pull-apart.

8:49 am o The strike-slip fault has continued to deform and what appears to be another one is also
visible further towards the top end of the pull-apart.

»  The graben has become wider.
The left side of the pull-apart is now more irregular along strike than when it first
formed. The right side boundary fault has also changed and is now straighter.

8:50:24” e  The fourth layer of fill is added to the graben, color blue.
e 4 cm of displacement.

8:56 am e  All faults have just now propagated up through the last layer of synsedimentary fill.

9:03 am e The strike-slip faults continue to cut through the upper section of the graben though

they do not appear to be ‘dragging’ material along with them which may be responsible



90 %
- for the observed reverse sense of displacement seen previous cross-sections. e
e The fifth layer of fill was added to the interior of the graben, color yellow. i
e 5cm of displacement. s S
9:10 am e Displacement can be seen taking place on all of the faults that have formed thus far. B
*  The graben does not seem to have widened much in the past half hour or so. o
o  Different section of the interior of the pull-apart appear to be dropping more than I
others. The middle is dropping the most while the end sections are dropping down to a r—
lesser degree. _ ~ B
9:15:36” am | The sixth layer of synkinematic fill was added to the pull-apart, color blue. Y
e 6 cm of displacement. ‘ T
9:17 am e No notable change on the surface of the model. R
9:24 am ®  There are still two strike-slip faults cutting through the upper section of the pull-apart. "
9:28:12”am | e  The seventh layer of synkinematic fill was added to the model. I aa
e 7 cm of displacement, color yellow. i
9:31 am * No notable change on the surface of the model. |
9:38 am * A new normal fault has formed on the left interior side of the pull-apart graben and now 1
appears to be taking up most of the normal displacement on that side. e B
* Similar to other models also are the en-echelon normal to oblique faults located at the . ~
lower boundary of the graben that curve into the strike-slip section of the model. T

the pull-apart.

9:40:48”am | o  The eighth and final layer of fill was added to the interior of the pull-apart. |
- e 8 cm displacement, color blue. NN -

9:45 am e Faults have propagated up through the latest layer of synsedimentary fill.

9:52 am *  The right boundary fault of the model is very straight along strike while the left side of

the pull-apart consists of an inner and outer system of normal faults that dip toward the
interior of the model.

9:53:20”am | o Model run stopped.

¢ ARiedel shear has formed in between the two strike-slip faults in the upper portion of w—\[“
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Objective: This model will be the fourth model in a series of models, all of which will have the same basic
scale factors and dimensions. In the set of models, only the step angle between the strike-slip sections of
mylar will be changed (50° for this model). Upon completion of the suite of model a comparison will be
made noting changes in fault geometries between faults that are stepped at different angles. Also noted will
be features that are constant from one model to the next.

The mylar configuration of the floor of the model wil] have the dimension as shown below. Though this

model will have the same dimensions, i.e. 50° step measuring 21.55 cm, the Mobile Mylar Sheet will be
placed just touching the Fixed Mylar Sheet..

50° . Mobile Mylar Sheet

—

1524 cm  20.10 em

Fixed Mylar Sheet

Models will be scaled for length, the resulting model to tectonic prototype ratio is:
length ratio = model/prototype
length ratio = 1 ¢m/100,000 cm = 1107

This means that 1 cm in the model represents approximately 1.0 km in the prototype.

Once the mylar had been cut into the appropriate dimension as shown above and placed into the bottom of
the deformation box, then the dyed and undyed sand (see pg. 45 for preparation technique) was placed into
the model in alternating layers beginning with white on the bottom, followed by blue, white, red, and then
repeating the sequence for a total of eight layers, each approximately 1.25 cm in thickness.. Total thickness
of the model was approximately 10 cm.

The amount of strike-slip displacement that this model will undergo is 9 cm. Using the equations on page 48
of this scientific notebook then the following parameters were determined for the model.

Linear Velocity (cm/hr) 4.76 cm/hr
Number of pulses/second 10 p/s
Displacement 9cm
Number of Pulses from the Stepper Motor | 68031 pulses

Therefore, at ten (10) pulses per second, for a total of 68031 pulses, the model will take 1 hour, 53 minutes,
23 seconds to complete.

Each role of film that is used contains 36 eXposures, as such 36 may be divided into the time needed to run
each model to obtain the interval time needed to program the Nikon F4 camera which will record the model
as it progresses from start to finish. This will be done for every model. For this model it resulted in an
interval time of 3 minutes, 30 seconds. Additionally, by using the data backs, each slide will be imprinted
with the date and a number, the numbers beginning with ‘1’ and increasing by the same factor so that the
final picture has imprinted upon it the number *36°. The cameras are started simultaneously with the
computer program controlling the motion of the deformation box.

Description of the surface of the model will be made to coincide with every other photograph as it is taken
(every 7 minutes) throughout the duration of the model run. These descriptions begin on the next page (pg.

;
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October 27, 1995 f
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The model will be started at 8:00 a.m., October 27, 1995 and stopped automatically at 9:53:23 a.m. the same
day. The indexers and stepper motors that will be used to move the walls of the model are controlled by the
NEC computer and MS1.EXE software provided by Minarik Electronics of San Antonio.

One step motor will be used to drive the two screwjacks on the mobile walls of the deformation box which
are walls 1 and 2 (see pg. 47). The connections will look like those of setup #2 on page 34. -
In an attempt to better preserve the fault scarps that form along the normal faults bounding the pull-apart,
synsedimentary layers will be added to the downdropped portion of the graben with every 1 cm of strike-slip
displacement for the first 8 centimeters of displacement. The first synsedimentary layer of sand will be e
yellow and will alternate with sand that has been dyed blue. One centimeter of displacement will happen

every 12 minutes 36 seconds.

Description of Model Run, October 27, 1995

Time Descriptions of Time Events

8:00 am e  Model run started.

807am | e. Two outer faults have formed creating a graben; they appear to follow the orientation of
the step cut into the mylar.

8:12:36"am | » First layer of synkinematic fill added to the graben, color yellow.

1 cm strike-slip displacement.

8:14 am e The closer the step angle approaches 90 degrees, a greater amount of subsidence is
noted in the graben. : »

e  The right side of the pull-apart is very irregular while the left side is slightly more e
straight along strike.

e Riedel shears have also developed.

8:21 am e A cross-basin strike-slip fault has developed at the upper apex of the pull-apart, just like
in many of the other models.

e  The central portion of the pull-apart seems to be subsiding at a larger magnitude that
either of the two ends. ‘ _

e  There may be a small push-up structure developing in the center of the basin along the
small strike-slip fault cutting through the pull-apart. »

e The systems of Riedel shears at either end of the model are becoming linked together
by newly formed shears.

825:12”am | ® Second layer of synsedimentary fill is added to the graben, color blue.

2 cm of displacement. ;

' 8:28 am e Faults are just now starting to propagate up through the last layer of blue synkinematic
fill in the interior of the pull-apart.
8:35 am e A new normal fault has formed just inside the left boundary of the graben. It has an

irregularity along strike at its lower edge.
The strike-slip fault at the upper apex of the graben is still active it appears.
The center of the pull-apart still seems to be subsiding the most. '

8:37:48” am

The third layer of synkinematic fill was added to the graben, color yellow.
3 cm of displacement.

All of the normal faults have propagated up through the last layer of synkinematic fill.
One large relay ramp can be seen between the two normal faults on the left side of the -
pull-apart. ‘

e Along the transition of the boundary faults on the left side of the model and the right
hand section of strike-slip in the model are a series of en echelon normal faults
separated by relay ramps.

8:42 am

8:49 am e An irregular fault has formed along the right side of the pull-apart, at its upper section,
with almost an ‘S’ shaped appearance and may be reverse in orientation as the scarp
does not really look like that of one of the normal faults. : L




The central portion of the graben is still the most actively subsiding.

8:50:24”

The fourth layer of fill is added to the graben, color blue.
4 cm of displacement.

There may be another strike-slip fault forming the in lower section of the pull-apart.
All of the normal faults have propagated up through the layer of synsedimentary fill.
The graben is noticeably wider than when the mode] was first started.

9:03 am

Most of the complexity in this model lies on the left side of the pull-apart where most of
the normal faults are located.

The two strike-slip faults are still active and may in cross-section be shown to be
associated with some sort of reverse sense of displacement.

Several relay ramps are also very prominent at more than one location along the
boundary of the pull-apart.

The fifth layer of fill was added to the interior of the graben, color yellow.

5 c¢m of displacement.

9:10 am

A smaller area is now active at the lower edge of the pull-apart and can be seen from
portion of the new synsedimentary layer being faulted while adjacent areas are not.
The strike-slip faults cutting through the graben are still active.

The relay ramps are once again developing up through the last layer of fill.

Two strike-slip faults now reside at the upper section of the pull-apart.

9:15:36” am

The sixth layer of synkinematic fill was added to the pull-apart, color blue.
6 cm of displacement.

9:17 am

Faults are beginning to Propagate up through the last layer of synsedimentary fill.

9:24 am

The overall strike of the normal faults bounding the left side of the pull-apart has
shifted from straight to a more irregular pattern. Similarly, the fault on the right side of
the pull-apart is now straighter along strike than when it first formed.

The strike-slip faults at the upper section of the graben is still very irregular along
strike.

The most actively subsiding portion of the pull-apart is still the central part.

9:28:12” am

The seventh layer of synkinematic fill was added to the model.
7 cm of displacement, color yellow.

9:31 am

Faults are beginning to Propagate up through the last layer of synsedimentary fill.

9:38 am

By far most of the normal deformation is taking place along the left side of the pull-
apart. :

Several normal faults are located along this side,

The graben is now very much wider than at the beginning of the model simulation.

9:40:48” am

The eighth and final layer of fill was added to the interior of the pull-apart.
8 cm displacement, color blue. o

9:45 am

Faults are beginning to propagate up through the last layer of synsedimentary fill,

It can be seen from the outline of the last blue layer of fill that the active part of the
lower section of the pull-apart is now much narrower than when at earlier times of the
model simulation period.

It will be interesting to see if the faults with reverse sense of displacement which
developed in other model runs also develope in this one.

| e e

The left side of the pull-apart has the most normal faults and has an active portion that
has become smaller over the course of the simulation.

The right side of the model is dominated by one large normal fault,

All normal faults have steep dips.

There are still a few of the strike-slip faults visible that cut through the interior portions
of the pull-apart and may be responsible for a reverse sense of displacement when the
cross-sections are made.

9:53:20” am

Model run stopped.
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November 8, 1995

-Q’This entry into the scientific notebook explains the different programs that are used to control the
indexers which are part of the deformation rig. The first programs described will be th
one side of the model apparatus is fixed and the other mobile (like all models run thus far prior to this

entry). The resulting motion of the mylar sheet will be the same as that of the arrows shown on page
47 of this scientific notebook. -

e  When Indexers 1 and 2 are to be used to control mobile Vﬁ;alls 1 and 2 (page 47), use the following ~
programs found in the c¢:\micro directory on the NEC Pentium computer in Lab L.104, Building 57 -

Name Result of program
Indexer 1:
idxIcmbo.ms1 Moves srcrewjack #1 68031 steps at 10

steps/second in a clockwise direction.

idx1rtrn.ms] This returns wall 1 to its original position
before the model was run.

Name Result of program
Indexer2: ‘
idx2cmbo.ms1 Moves srcrewjack #2 68031 steps at 10
steps/second in a counter-clockwise
direction.
idx2rtrn.ms1 This returns wall 1 to its original position

before the model wasrun. .
4 G B
When Indexers 3 and 4 are to be used to control mobile walls #. and}’ (page 47), use the
following programs found in-the ¢:\micro directory on the NEC Pentium computer in Lab 1.104

Building 57:
Name Result of program
Indexer 3:
idx3cmbo.ms1 Moves srcrewjack #3 68031 steps at 10
steps/second in a counter-clockwise
direction. -
idx3rtrn.ms1 This returns wall 3 to its original position

before the model was run.

Name Result of program
Indexer 4:
idx4cmbo.ms1 Moves srcrewjack #4};{,68031 steps at 10
steps/second in a cldckwise direction.
A L G
"\L‘:‘} [ S
idx4rtrn.ms1 This returns wall 4 to its original position

before the model was run.

ose used when °
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e  When all 4 indexers are to be used at the same time for a single model simulation run the

following 4 programs must be downloaded to each respective indexer for the appropriate motion

to take place.

Indexer 1:

Indexer 2:

Indexer 3:

Indexer 4:

Name

idx1move.msl

idx1bkup.msl

Name

idx2move.msl

idx2bkup.ms]

Name

idx3move.msl

idx3bkup.ms1

Name

idx4move.msl

idx4bkup.msl

Result of program

Moves srcrewjack #1 34015 steps at 5
steps/second in a clockwise direction.

This returns wall 1 to its original position
before the model was run.

Result of program

Moves srcrewjack #2 34025 steps at 5
steps/second in a counter-clockwise
direction. -

This returns wall 2 to its original position

-before the model was run.

Result of program

Moves srcrewjack #3 34015 steps at 5
steps/second in a counter-clockwise
direction.

This returns wall 3 to its original position
before the model was run.

Result of program

Moves srcrewjack #4 34015 steps at 5
I 1 1 +er . .
steps/second in & cfoqlcwme direction.
(BR> #-T4Y
This returns wall 4 to its original position
before the model was run.

e For the second set of programs used for controlling all 4 of the indexers at the same time, the

" distance and speed each step motor is run at still ends up with 9 cm of overall strike-slip
displacement and synkinematic fill can still be added at the same time intervals. -




November 29, 1995 —

Objective: This model will have the same basic scale factors and dimensions as the previous models, scale BN

factors shown below. The step angle between the strike-slip sections of mylar in this mode] run is 40°,

Different from previous model however are the wall which that shall be used to initiate the deformation. In M\ ™
prior models walls 1 and 2 were used (pg. 51). In this model walls 3 and 4 will be used for this purpose. B S
The produced strike-slip offset will still be dextral (right-lateral). A description of the programs used are —
those at the bottom of page 100 for walls 3 and 4. i
®  The mylar configuration of the floor of the model will have the dimension as shown below Though this B
model will have the same dimensions, i.e. 40° step measuring 21.55 cm, the Mobile Mylar Sheet will be ——f
placed just touching the Fixed Mylar Sheet..
\WM\‘F‘N
.. SN H -
40° - Fixed Mylar Sheet —
i
1524cm  21.55 cm
= MWPQ»&\\*\'»
Mobile Mylar Sheet e
—
\\\v.w..__"',..\
®  Models will be scaled for length, the resulting model to tectonic prototype ratio is: _
length ratio = model/prototype B

length ratio = 1 em/100,000 ¢cm = 1-10°°

This means that 1 cm in the mode] represents approximately 1.0 km in the prototype.

®  Once the mylar had been cut into the appropriate dimension as shown above and placed into the bottom of ‘
the deformation box, then the dyed and undyed sand (see pg. 45 for preparation technique) was placed into |

the model in alternating layers beginning with white on the bottom, followed by blue, white, red, and then

repeating the sequence for a tota] of eight layers, each approximately 1.25 cm in thickness.. Total thickness
of the model was approximately 10 ¢

®  The amount of strike-slip displacement that this model wil] undergo is 9 cm. Using the €quations on page 48 W,\
of this scientific notebook then the following parameters were determined for the model. b
Linear Velocity (cm/hr) 4.76 cm/hr ‘ e

Number of pulses/second 10 p/s e

Displacement 9 cm R S

Number of Pulses from the Stepper Motor | 68031 pulses ‘ B

®  Therefore, at ten (10) pulses per second, for a total of 68031 pulses, th
23 seconds to complete. '

® Eachrole of film that is used contains 36 exposures

¢ model will take 1 hour, 53 minutes,

as it progresses from start to finish. This will be do

ne for every model. For this model jt resulted in an
interval time of 3 minutes, 30 seconds, Additionall

¥, by using the data backs, each slide will be imprinted e B
with the date and a number, the numbers beginning with 1’ and increasing by the same factor so that the

final picture has imprinted upon it the number ’36°. The cameras are started simultandously with the
computer program controlling the motion of the deformation box.

®  No descriptions will be made for this model because
angle. Additionally, this is the first model that has b

several other models have already been run at this step
een run using two step motors simulataneously, as such




unexpected problems could arise during the course of the simulation. Because of this, all observations will
be made from the color slides taken of the model.

e The model will be started at 8:00 a.m., November 29, 1995 and stopped automatically at 9:53:23 a.m. the
same day. The indexers and stepper motors that will be used to move the walls of the model are controlled
by the NEC computer and MS1.EXE software provided by Minarik Electronics of San Antonio. The
programs for the respective indexer and step motors are found on page 100 of this notebook.

e  Two step motors will be used to drive the two screwjacks on the mobile walls of the deformation box which
are walls 3 and 4 (see pg. 51). The connections will look like those of setup #1 on page 33.

e In an attempt to better preserve the fault scarps that form along the normal faults bounding the pull-apart,
synsedimentary layers will be added to the downdropped portion of the graben with every 1 cm of strike-slip
displacement for the first 8 centimeters of displacement. The first synsedimentary layer of sand will be
yellow and will alternate with sand that has been dyed blue. One centimeter of displacement will happen
every 12 minutes 36 seconds.

¥ Dube bodks wihe net reset N ofter aeal /0%7(05
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l ersisectionel 71«»&@3 Ore nusmibeced ho,fh/m. with
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Objective: This model will have the same basic
model run, all of the walls will be moving in ac

Comparisons and contrasts with previous mode
made.

The mylar configuration of the floor of the model will have the dimension as shown below. Though this
model will have the same dimensions, i.e. 40° st

ep measuring 21.55 cm, the Mobile Mylar Sheet will be
placed just touching the Fixed Mylar Sheet..

cordance with the programs on page 101 of this notebook.
Is in which one side of the pull-apart was held fixed will be

40° " Mobile Mylar Sheet

1524 cm  21.55cm

Mobile Mylar Sheet
V

Models will'be scaled for length, the resulting model to tectonic prototype ratio is:
length ratio = model/prototype
length ratio = 1 cm/100,000 cm = 1-10°

This means that 1 cm in the model represents approximately 1.0 km in the prototype.

Once the mylar had been cut into the appropriate dimension as shown above and placed into the bottom of

the deformation box, then the dyed and undyed sand (see pg. 45 for preparation technique) was placed into

the model in alternating layers beginning with white on the bottom, followed by blue, white, red, and then
repeating the sequence for a total of eight layers, each approximately 1.25 cm in thickness.. Total thickness
of the model was approximately 10 cm. '

The amount of strike-slip displacement that this model will undergo is 9 cm. Using the equations on page 48

scale factors and dimensions as the prior model. During this

—
of this scientific notebook then the following parameters were determined for the model. Lm
Linear Velocity (cm/hr) 2.38 cm/hr T
. i
Number of pulses/second Sp/s o T
Displacement 4.5 cm in both directions (a_ -
total of 9 cm) - —
Number of Pulses from the Stepper Motor | 34015 pulses B
Therefore, at five (5) pulses per second, for a total of 34015 pulses, the model will take 1 hour, 53 minutes,
23 seconds to complete. i
Each role of film that is used contains 36 exposures, as such 36 may be divided into the time needed to run . ..
each model to obtain the interval time needed to program the Nikon F4 camera which will record the model | |
as 1t progresses from start to finish. This will be done for every model. For this model it resulted in an
interval time of 3 minutes, 30 seconds, Additionally, by using the data backs, each slide will be imprinted e
with the date and a number, the numbers beginning with ‘1’ and increasing by the same factor so that the -
final picture has imprinted upon it the number ’36°. The cameras are started simultaneously with the
computer program controlling the motion of the deformation box. ol —
Description of the surface of the model will be made to coincide with every other photograph as it is taken s
(every 7 minutes) throughout the duration of

the model run. These descriptions begin on the next page (pg.
109). : ‘

—




5 c¢m of displacement.

e The model will be started at 8:00 a.m., December 15, 1995 and stopped automatically at 9:53:23 a.m. the
same day. The indexers and stepper motors that will be used to move the walls of the model are controlled
by the NEC computer and MS1.EXE software provided by Minarik Electronics of San Antonio. ——

e  All step motors will be used to each control an individual wall of the model. The connections will look like
those of setup #1 on page 33.

e In an attempt to better preserve the fault scarps that form along the normal faults bounding the pull-apart, T
synsedimentary layers will be added to the downdropped portion of the graben with every 1 cm of strike-slip e
displacement for the first 7 centimeters of displacement. The first synsedimentary layer of sand will be R
yellow and will alternate with sand that has been dyed blue. One centimeter of displacement will happen
every 12 minutes 36 seconds. : o

Description of Model Run, December 15, 1995 e
Time Descriptions of Time Events s
8:00 am e  Model run started.
8:07 am e As expected, the two boundary faults of what will become the graben are just now
becoming visible on the surface of the upper layer of the model. —
812:36°am | e First layer of synkinematic fill added to the graben, color yellow.
e 1 cm strike-slip displacement. .
8:14 am e Riedel shear systems have started to develop along the portion of the model overlying
the pure strike-slip sections of the model. )
e  Additional normal faults appear to be forming outside of the two original graben
bounding faults.
e The graben is becoming wider. SR
8:21 am e The graben had widened and also deepened.
e The Riedel shear systems have further developed. T
e The presence of cross-basin faults can also be seen developing trending through the e
basin.
e The normal faults bounding the graben do not appear to be as steeply dipping as faults T
bounding pull-aparts in model where one side was fixed relative to a mobile side.  ——
§25127am | e Second layer of synsedimentary fill is added to the graben, color blue. —_—
e 2 cm of displacement.
8:28 am e Faults are propagating up through the second layer of synkinematic fill. ——
8:35 am e The right side of the pull-apart is very irregular along strike. [
e  Cross-basin fault has reappeared in the middle of the graben.
e Relay ramps can be seen starting to form between faults merging bounding faults into p——
the strike-slip sections of the model. A e —
837:48" am | ® The third layer of synkinematic fill was added to the graben, color yellow.
e 3 cm of displacement. ' B
8:42 am e Faults are propagating up through the second layer of synkinematic fill.
8:49 am e The cross-basin fault easily seen through the center of the pull-apart.
e The graben is further widened and deepened.
8:50:24” e The fourth layer of fill is added to the graben, color blue.
e 4 cm of displacement.
8:56 am e Graben bounding normal faults have propagated up through the uppermost layer of
synsedimentary fill. i
9:03 am e Graben continues to widen and deepen. o
e Relay ramps continue to develop in the areas mentioned earlier.
e  The fifth layer of fill was added to the interior of the graben, color yellow. s
L ]




i 7

9:10 am ¢ The cross-basin fault trends across the entire pull-apart from one apex to the other.
* No new normal faults have been detected.
9:15:36” am | e  The sixth layer of synkinematic fill was added to the pull-apart, color blue.
e 6 cm of displacement.
9:17 am ¢ Faults are propagating up through the sixth layer of synkinematic fill.
9:24 am *  Two cross-basin faults are now visible on the surface of the model trending through the
interior of the pull-apart.
9:28:12” am | e  The seventh and final layer of synkinematic fill was added to the model.
e 7 cm of displacement, color yellow.
9:31 am ¢ Faults are propagating up through the seventh layer of synkinematic fill.
9:38 am ¢ The nicely formed pull-apart is noticeably wider and deeper.
o  Cross-basin faults are still present.
9:45 am ¢ The model is continuing to experience strike-slip displacement.
* Bounding faults to the graben are now dipping more steeply than they appeared to
earlier.
9:52 am * Anarea between the cross-basin faults is now subsiding. It appears to be a smaller
graben within the larger pull-apart.
e All of the other faults have continued to deform as before.
9:53:20” am | «  Model run stopped.
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AJ January 3, 1996

——— -~ @ Previous pull-apart models have consistantly shown the developement of cross-basin strike-slip faults. These
faults develope in both models with one fixed side and in models where both sides of the model are moving
away from one another at the same rate. In models where one side of the pull-apart was held fixed by not
moving the mylar substrate, cross-basin faults commonly demonstrated in cross-section both a reverse and
normal sense of displament. Preliminary results from models in which both sections of the mylar substrate
are moving away from one another do not develope faults with a reverse displacement sense, but do result in
symmetric pull-aparts. The next suite of models will attempt to determine the parameters and controlling
R factors that affect the development of the reverse displacments between the two end members ( one fixed and
one mobile side vs. both sides mobile).

e The importance of the determining these parameters are as foliows:

1. Structural interpretations -
. 2. Seismic interpretations =
e 3. Stratigraphy
4. Reasons pertaining to the seismic risk assessment for Yucca -

Mountain and the surrounding region.

T

e  On the following page is a description of the models that will be run. The different amount of displacement
I that each side of the model will experience are shown. The necessary number of pulses were calculated S S
——— using the equations on page 48 of this scientific notebook.

o  Models will be scaled the same as the previous models, 1 cm = 1 km. Thickness of the models will be

~10cm. Recording of models will be like before as well with the use of the photographic equipment in the =~ ———p-—
— lab (Bldg. 57, 1.104). Specific details will accompany the description of each model simulation before it is -

—

B

m———— ¢ |
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i
~ Model # Wall Combo Amount (cm) Amount (pulses)  Pulses per Second
B ’ (#pulses/7200sec)
0,0 o 0.50 @
/L Walls 1 and 2 Mcm 75590 pulses 1 9{5/0 pls L
o o
Walls3and4 97900 #5550 040 ) pls
0. :
- /2. Walls1and2 1.00 cm 7559 pulses 1.04 p/s
. Walls3and4  9.00 cm 68031 pulses 9.45 p/s .
T / 3. Walls1and2 1.50cm 11339 pulses 1.57 p/s
S Walls3and4 8.50 cm 64251 pulses 8.92 p/s -
_ V4. Walls1and2 2.00 cm 15118 pulses 2.10 p/s
Walls3and4 8.00cm 60472 pulses 8.40 p/s
S Wallsland2 225cm 17008 pulses 2.36 p/s
- Walls3and4 7.75cm 58582 pulses 8.14 p/s e
M B v 6. " Wallsland2 2.50 cm 18898 pulses 2.62 p/s o
Walls3and4 7.50 cm 56692 pulses 7.87 p/s
— \/ 7. Wallsland2 2.75cm 20787 pulses 2.89 p/s
— Walls3and4 725cm 54803 pulses 7.61 p/s -
A Walls 1and2  3.00 cm 22677 pulses _ 3.15p/s o
T Walls3and4 7.00cm 52913 pulses 7.35 p/s
vo. Walls1and2  3.50 cm 26457 pulses 3.67 pls ]
. Walls3and4 6.50 cm 49133 pulses 6.82 p/s -
'/ 10. W/d(ls land2 4.00cm 30236 pulses 420 p/s -
Walls3and4 6.00 cm 45354 pulses 6.30 p/s -
3 J11. Walls1and2 5cm 37795 pulses 5.25 pls
3 ' Walls3and4 5cm 37795 pulses 5.25 p/s
o e Each model simulation to last for 2 hours. e

e Step motors 1,3, and 4 turn counter-clockwise to move walls during simulation.

e Step motor 2 turns clockwise to move walls during simulation.




‘ January 16, 1996
bjective: This model is part of the second suite of simulations aimed at determining controlling factors

associated with the formation of the cross-basin fault. For this simulation programs will be used to obtain
the displacements for model #6, pg. 117 of this scientific notebook. The specific programs to be used are

st2_6 0l.msl, st2_6_02.msl, st2 6 _03.msl, and st2_6_04.ms1 which are stored on the NEC computer in
Lab L104, Bldg. 57. The programs are in the ¢:\micro directory.

40° A Mobile Mylar Sheet

A

Mobile Mylar Sheet

V

Models are all to be scaled for length, resulting in the following tectonic prototype ratio:

length ratio = model/prototype = 1 ¢cm/ 100,000 cm = 1-107,
This means that 1 cm in the model represents approximately 1.0 km in the prototype.

Once the mylar had been cut into the appropriate dimension as shown above and placed into the bottom of
the deformation box, then the dyed and undyed sand (see pg. 45 for preparation technique) was placed into

.the model in alternating layers beginning with white on the bottom, followed by blue, white, red, and then
repeating the sequence for a total of eight layers, each approximately 1.25 cm in thickness. Total thickness
of the model was approximately 10 cm.

The amount of strike-slip displacement that this model will undergo is 10 cm. Using the equations on page

48 of this scientific notebook the following parameters were determined for the model. T
Linear Velocity (cm/hr): s d
wall 1 1.25 cm/hr .
wall 2 1.25 cm/hr .
wall 3 3.75 cm/hr e S
wall 4 . 3.75 cm/hr
Number of pulses/second T
wall 1 2.62 p/s ——
wall 2 2.62 p/s R
wall 3 7.87 pls o
wall 4 7.87 p/s e
Displacement ——
wall 1 2.50 cm
wall 2 : 2.50 cm T
wall 3 7.50 cm -
wall 4 7.50 cm
Number of Pulses from the Stepper Motor ’ R S
walls 1 and 2 18898 pulses S— N
walls 3 and 4 56692 pulses o
Each model should take approximately 2 hours to complete from start to finish. a
Each model will be photographed from start to finish in plan view using the Nikon F4s cameras in the lab. I
Each slide will be imprinted with a sequential number in the lower right corner. Exposures will be taken . W__;Lm
every 4 minutes. i
Description of the surface of the model will be made to coincide with every other photograph as it is taken o wW"‘f“~
throughout the duration of the model run in 8 minute intervals and whenever else it is deemed important. I

These descriptions begin on the next page (pg. 119).

1
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The model will be started at 8:00 a.m., January 16, 1996 and stopped automatically at 10:00 a.m. the sam
day. The indexers and stepper motors that will be used to move the walls of the model are controlled by the

NEC computer and MS1.EXE software provided by Minarik Electronics of San Antonio.

All step motors will be used to each control an individual wall of the model. The connections will look like

those of setup #1 on page 33.
In an attempt to better preserve the fault scarps that form along the normal faults bounding the pull-apart,

synsedimentary layers will be added to the downdropped portion of the graben with every 1 cm of strike-slip

displacement for the first 8 centimeters of displacement. The first synsedimentary layer of sand will be
yellow and will alternate with sand that has been dyed blue. One centimeter of displacement will happen
every 12 minutes.

Description of Model Run, January 16, 199&

Time Descriptions of Time Events

8:00 Model simulation started

8:08 Two outer bounding faults have formed and the central section of the pull-apart is
beginning to subside. :

8:12 Yellow synkinematic fill was added to the interior section of the pull-apart. At this time
the model has experienced 1 cm of dextral displacement.

8:16 Systems of Riedel shears have developed above the pure strike-slip sections of the
mylar substrate.

The outer boundary faults of the graben have propagated up through the layer of yellow
fill. The graben has also widened and further subsided. Normal displacement is
dominant.

One relay ramp exists at the lower section of the pull-apart where the boundary fault is
merging into the strike-slip section of mylar.

8:24 The cross-basin faults have begun to form and can be seen cutting through the interior
of the pull-apart basin. It cannot yet be determined if they will show any reverse sense
of displacement. These faults may be extensions of Riedel shears near the graben itself.
Riedel shear systems have become further linked together.

Blue layer of synsedimentary fill was added to the interior of the pull-apart. This after

» 2 cm of strike-slip displacement in the model.

8:32 The graben has further subsided.

Riedel shears continue to form and cut one another.
Cross-basin faults are propagating up through the layer of blue fill in the interior of the
graben.
Relay ramps have formed at both ends of the pull-apart where normal boundary faults
are merging into the strike-slip sections of the model.
- 8:36 o _The third layer of synsedimentary fill was added to the graben. Color yellow and after
" 3 cm of total dextral strike-slip displacement.

8:40 Graben continues to widen and deepen.

Faults are propagating up through the most recent layer of fill within the interior of the
pull-apart.

8:48 Relay ramps have reformed at either end of the graben.

Cross-basin faults have also reformed and cut through the interior of the pull-apart.
Fourth layer of syndeformational fill added to the model, color blue. This done after 4
cm of total strike-slip displacement.

8:56 Some faults bounding the pull-apart seem to have become less active. One noted
example is found at the upper apex of the pull-apart where faults change from normal to
strike-slip displacement.

Graben widening and deepening.

9:00

Fifth layer of fill was added to the graben after 5 cm of dextral displacement. Yellow.

119
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9:04 Graben continues to widen and deepen.

Faults are propagating up through the most recent layer of fill within the interior of the
pull-apart.

9:12 *  Faults propagating up through the layers of fill.

e  Further widening and deepening,

*  Cross-basin faults can be seen on the surface but their sense of displacement in the
subsurface cannot be determined.

e Sixth layer of synsedimentary fill added to the pull-apart, color blue. This after 6 cm of
dextral displacement.

9:20 *  Faults are propagating up through the most recent layer of fill within the interior of the
pull-apart.

®  More normal faults appear to have formed on either side of the interior of the pull-apart.

9:24 - & Seventh layer of synsedimentary fill added to the pull-apart. 7 cm of displacement.
Color is yellow.

9:28 *  Faults are propagating up through the layer of synkinematic fill.

®  Graben continues to widen and deepen.

9:36 * A section along the right side of the graben is now not as active and extension is being
taken up by normal faults closer to the interior of the pull-apart. This normal fault is
very irregular along strike.

*  Another small pull-apart has formed between linked sections of Riedel shears towards
the upper edge of the graben.

* Eighth and final layer of syndeformational fill added to the interior of the pull-apart
after a total of 8 cm of dextral displacement. Color blue. ‘

9:44 *  Faults are propagating up through the most recent layer of fill within the interior of the
pull-apart.

® Graben continues to widen and deepen but not as rapidly as during earlier in the
simulation.

9:52 ®  Most subsidence was just noted to have been taking place along the left side of the pull-
apart.

There is now a complex system of normal faults within the interior of the pull-apart.
The orientation of the cross-basin faults cannot be determined, much less their
subsurface sense of motion.
10:00 Model simulation stopped

The final surface of the model shows a complex arrangement of predominantly normal
faults that accommodate extension within the pull-apart. The faults are variable along
strike and can be seen to have different amounts of displacement.

*  Cross-basin faults where noted to have formed early in the model simulation but are
now only barely visible on the surface of the model.
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January 18, 1996
Objective: This model is part of the second suite of simulations aimed at determining controlling factors

associated with the formation of thg.cross-basin fault. For this simulation programs will be used to obtain
the displacements for model 1}6f{p - 117 of this scientific notebook. The specific programs to be used are

st2 5 0l.msl, st2_5 02.msl, st2_5 03.msl, and st2_5_04.ms1 which are stored on the NEC computer in
Lab 1104, Bldg. 57. The programs are in the c:\micro directory.

40° e Mobile Mylar Sheet

Mobile Mylar Sheet

~

Models are all to be scaled for length, resulting in the following tectonic prototype ratio:

length ratio = model/prototype = 1 cm/100,000 cm = 1-10~.

This means that 1 cm in the model represents approximately 1.0 km in the prototype.

Once the mylar had been cut into the appropriate dimension as shown above and placed into the bottom of
the deformation box, then the dyed an

d undyed sand (see pg. 45 for preparation technique) was placed into &~
the model in alternating layers beginning with white on the bottom, followed by blue, white, red, and then

repeating the sequence for a total of eight layers, each approximately 1.25 cm in thickness. Total thickness ‘_
of the model was approximately 10 cm. - 3
The amount of strike-slip displacement that this mo

48 of this scientific notebook the following parame

del will undergo is 10 cm. Using the equations on page
ters were determined for the model.

Linear Velocity (cm/hr): 1
wall 1 1.12 cm/hr N
wall 2. 1.12 cm/hr 5
wall 3 3.87 cm/hr B
wall 4 ] 3.87 cm/hr B
Number of pulses/second =
wall 1 236 p/s o B
wall 2 2.36 p/s e
wall 3 8.14 p/s +
wall 4 8.14 p/s 1
Displacement ———
wall 1 2.25cm . S
wall 2 2.25cm o
wall 3 7.75 cm e
wall 4 7.75 cm .
Number of Pulses from the Stepper Motor
walls 1 and 2 17008 pulses i
walls 3 and 4 58582 pulses g
Each model should take approximately 2 hours to complete from start to finish. g
Each model will be photographed from start to finish in plan view using the Nikon F4s cameras in the lab. P
Each slide will be imprinted with a sequential number in the lower right corner. Exposures will be taken [ o
every 4 minutes. L
Description of the surface of the model will be made to coincide with every other photograph as it is taken =~ ]
throughout the duration of the model run in 8 minute intervals and whenever else it is deemed important.

: ]
RS-

These descriptions begin on the next page (pg. 125).
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- e The model will be started at 8:00 a.m., January 18, 1996 and stopped automatically at 10:00 a.m. the same™
day. The indexers and stepper motors that will be used to move the walls of the model are controlled by the e
NEC computer and MS1.EXE software provided by Minarik Electronics of San Antonio. R

e e  All step motors will be used to each control an individual wall of the model. The connections will look like
those of setup #1 on page 33. RORN—

e Inan attempt to better preserve the fault scarps that form along the normal faults bounding the pull-apart, S —
synsedimentary layers will be added to the downdropped portion of the graben with every 1 cm of strike-slip

o displacement for the first 8 centimeters of displacement. The first synsedimentary layer of sand will be

yellow and will alternate with sand that has been dyed blue. One centimeter of displacement will happen

I . every 12 minutes. -
b —

- Description of Model Run, January 18, 19984 o
| Time Descriptions of Time Events
. 8:00 e  Model run started.
_— 8:08 * Boundary faults have begun to form what will become the central graben of the pull-

apart. —
— 8:12 *  First layer of yellow synsedimentary fill was added to the graben after 1 cm of
- displacement. T

8:16 * Riedel shear systems have started forming above the sections of mylar experiencing

pure strike-slip displacement. .
e e The floor of the pull-apart is widening and deepening.
' ® No indication of the cross-basin faults is yet evident. NR—

8:24 *  Cross-basin faults are now appearing on the surface of the model and cut through the

S central section of the model.
The subsurface sense of displacement is not evident. e
Graben widening and deepening.
Relay ramps are showing up were the normal boundary faults merge into the strike-slip
sections of the model.

® Second layer of fill added to the graben after 2 cm of displacement. Color blue.

- 8:32 e Faults are propagating upward through the fill.

. * Additional normal faults seem to be forming. All faults with normal displacement
directions appear to have very steep dips.

*  The systems of Riedel shears are becoming further linked together.

— 8:36 *  Third layer of synkinematic fill is added to the graben as fill. 3 cm of dextral
displacement. Color yellow.

o 8:40 e Faults are propagating upward through the fill.

— 8:48 *  The graben has become further enlarged due to displacement along the normal faults

bounding the pull-apart.

- ) ®  Cross-basin faults have reappeared through the fill and cut across the central area of the
n ) graben, S
*  Relay ramps also are continuing to reform through the fill layers. Additional ramps are

also showing up.

e * Fourth layer of synkinematic fill is added to the graben as fill. 4 cm of dextral .
displacement. Color blue.

8:56 e  Faults are propagating upward through the fill.
e ®  Cross-basin fault cutting through the graben is irregular along strike and may cause a T
reverse displacement in the subsurface.

9:00 » Fifth layer of fill added to the pull-apart. 5 cm total displacement, color yellow.
- 9:04 e Faults are propagating upward through the fill.
. 9:12 *  Cross-basin faults are still irregular along strike as seen in plan view. A single large o prm——

one cuts from one apex of the graben to the other.



The area comprising the pull-apart is getting larger.

9:20

Faults are propagating upward through the fill.

Additional normal faults are forming inside the outermost boundary faults.
Cross-basin faults have reappeared through the fill.

9:24

Seventh layer of synkinematic fill added to the pull-apart, 7 cm dextral displacement,
color yellow. '

9:28

Faults are propagating upward through the fill.

9:36

The pull-apart basin is now nicely formed and fully developed.

A complex array of faults resides in the subsided sections comprising the graben.
Cross-basin faults are easily seen on the surface in map view.

As in the previous model of suite two, most displacement is taking place along the
normal faults associated with the side of the pull-apart moving at the faster rate.
Parts of the graben near the side moving more slowly are not as active.

One of the normal faults lying inside the right boundary fault is seen to change to

strike-slip displacement near the grabens lower apex. This is noted by the presence of a
discrete shear zone.

Eighth layer of fill added to the graben, 8 cm displacement, color blue.

9:44

Faults are propagating upward through the fill.
Normal and cross-basinal faults are reappearing.

9:52

Most displacement is taking
of the pull-apart.

A large section along the right side is now pretty much inactive.
Several cross-basin faults can be seen on the surface of the model.

place along the outermost boundary fault along the left side

‘Numerous normal faults can be seen.

10:00

Model simulation stopped.
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Sixth layer of fill added to the interior of the pull-apart. 6 cm displacement, color blue.
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