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Abstract-Geometric models of fault-propagation folds require that the underlying fault tip propagate upward 
across layering. However, related folds can be generated if the tip remains stationary, or even moves back along 
the ramp as a pre-existing fault is reactivated. Fault-propagation folds, detachment folds, as well as those 
produced when there is no propagation are generated by a displacement gradient along the underlying fault, and, 
as a general class, can be called fault displacement-gradient folds. New geometric equations are derived which 
relate fold shape to displacement gradient, and fault-propagation folds are a special case of these more general 
equations. Growth sequences associated with these structures have been used to distinguish fault-propagation 
folds from fault-bend folds when the undertying structure is obscured. A displa~ment-gradient fold in which the 
fault tip retreats back down the ramp generates a growth sequence that in some cases could be confused with that 
of a fault-bend fold. The structure at Lost Hills, in the San Joaquin Valley of California (U.S.A.) has been 
interpreted as a fault-bend fold, but it may be a displacement-gradient fold which formed as a pre-existing fault 
was reactivated during a Pliocene change in plate motion. 

INTRODUCTION 

The purpose of this article is: (1) to suggest a new, more 
general name for certain types of fault-related folds; (2) 
to derive new geometric equations relating fold shape to 
fault displacement gradient, and (3) to apply the 
displacement-gradient model to a geologic example in 
which a reactivated fault tip may have migrated down a 
fault producing a growth sequence which could be con- 
fused with that produced by fault-bend folds (Suppe 
1983). 

Folds which are geometrically and mechanically re- 
lated to faults have long been recognized using geologic 
criteria (Rich 1932). More recently, it has become clear 
that folding is also associated with earthquakes and the 
process of fault rupture (Stein & King 1984, Lin & Stein 
1989, Berberian & Qorashi 1994). Folding of the topo- 
graphic surface can be inverted to infer slip distribution 
and shape of the rupture zone of major earthquakes 
(King & Vita-Finzi 1980, Yielding et al. 1981, Ward & 
Barrientos 1986, Lin & Stein 1989). 

Within the past 15 years, quantitative techniques 
pioneered by Suppe (1983) have been developed to 
relate the geometric properties of folds to the shape and 
displacement of related faults. Two general classifi- 
cations of fault-related folds have emerged: fault- 
propagation folds (Fig. 1) and fault-bend folds (Fig. 2). 
In the former, folding is a consequence of a displace- 
ment gradient along the fault. In the latter, folding is a 
consequence of the non-planar shape of the fault. 

Geometric models have traditionally been con- 
strained by keeping both layer length and area constant 
during the transformation from the undeformed to the 
deformed state (Suppe 1983, 1985). Relaxing the con- 
stant bed length constraint (layer parallel simple shear) 

Fig. 1. Evolution of a traditional fault-propagation fold with a growth 
sequence produced by subsidence that exceeds fold amplitude growth. 
The growth sequence is shown in coarse patterns and the pre-growth 
sequence in fine patterns. A black circle marks the fauft tip. The 
growth sequence over the backlimb consists of a flat stratigraphic 
panel between two dipping panels (b)-(d). This geometry does not 
occur in a fault-bend fold growth sequence. The growth stratigraphic 
section thins over the fold crest and is of normal thickness on the 

forelimb. 
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Fig. 2. Evolution of a fault-bend fold in which subsidence exceeds 
uplift of the fold. The growth sequence is shown in coarse patterns and 
the pre-growth sequence in fine patterns. Thinning of the growth 
sequence occurs over the forelimb and top of the underlying anticline 
(a)-(c) until fault displacement equals ramp length (c). Additional 
fault displacement produces stratigraphic thinning over the backlimb 
of the fold, and the crest of the fold in the growth sequence is displaced 

toward the backlimb of the fold in the pre-growth sequence (d). 

tremendously increases the variety of geometric models 
and deformation histories that can be generated 
(Jamison 1987, Chester & Chester 1990, Mitra 1990, 
1992). While geometric modeling is useful, physical laws 
(such as conservation of energy) are ignored, so any 
geometric model may be physically impossible. 

Quantitative geometric fold models have proved ex- 
tremely useful in interpreting near surface data, project- 
ing structure to depth, and producing balanced cross- 
sections. This is especially true when sedimentation and 
folding are concurrent-e.g. the growth sequence (the 
sediment deposited during folding) may be used to 
distinguish fault-bend from fault-propagation folds, and 
to determine rates of folding, faulting and thrust history 
(Medwedeff 1989, Suppe et al. 1992, Zoetemeijer & 
Sassi 1992, Zoetemeijer et al. 1992). 

Fault-propagation folds (Suppe 198.5, Jamison 1987, 
Chester & Chester 1990, Suppe & Medwedeff 1990, 
Mitra 1990, 1992, Mosar & Suppe 1992) form because 
there is a displacement gradient along a fault ramp 
(Williams & Chapman 1983). This displacement gradi- 
ent is related to, but not the same as, the slip/ 
propagation distance ratio (SIP) defined by Williams & 
Chapman (1983) and emphasized by McNaught & Mitra 
(1993). The S/P ratio assumes that the slip is dissipated 
along the length of the fault. As such, the S/P ratio 
would be a minimum estimate of the displacement 
gradient which could be much higher if slip were dissi- 
pated only near one end of a fault. 

DISPLACEMENT-GRADIENT FOLDS AND A 
NEW MODEL 

A simple step fault-propagation model (Fig. 1) re- 
quires that the fault tip propagate up-section lengthen- 
ing the ramp, but, if the constraint of constant bed length 
is removed, analogous folds can be generated even if the 
fault does not propagate (Fig. 3). Consequently, the 
name, fault-propagation fold, is not applicable to this 
model. A more appropriate name for a general class of 
folds, which would include fault-propagation folds as 
well as any fold occurring near a fault tip and related to 
dissipation of slip, would be fault displacement-gradient 
folds. This class would include a fold occurring near the 
tip of a bedding plane fault, of a high angle reverse fault, 
or of a ramp associated with a flat. 

An example of an unusual reverse fault displacement- 
gradient fold model, which has some features similar to a 
fault-propagation fold, may occur when a pre-existing 
fault is reactivated, and its tip (the edge of zero displace- 
ment) moves back along the old fault leaving an inactive 
portion and an active portion with a displacement gradi- 
ent (Fig. 4). This would most likely occur if there was a 
change in effective stress across a pre-existing fault. The 
difference between this fault displacement-gradient fold 
and the traditional fault-propagation fold is that the 
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Fig. 3. Evolution of a displacement-gradient fold in which the fault 
ramp does not propagate, and the tip (shown by the white circle) 
remains stationary. The growth sequence is shown in coarse patterns 
and the pre-growth sequence in fine patterns. The backlimb growth 
sequence is similar to the traditional fault-propagation fold with a 
horizontal growth panel between two dipping ones. The forelimb 
growth sequence and fold crest is different from both the fault- 
propagation fold (Fig. 1) and fault-bend fold (Fig. 2) in that this 
displacement-gradient fold has wedge-shaped growth strata on the 
forelimb and the fold crest in the growth sequence has migrated toward . r . . . 

tne forenmo. 
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Fig. 4. Evolution of a reverse fault displacement-gradient fold in 
which a fault is reactivated and the tip moves downward as shown by 
the position of the black circle. The inactive part of the fault is dashed 
in (b) & (c). The growth sequence is shown in coarse patterns and the 
pre-growth sequence in fine patterns. The model presumes that the 
original fault was emergent, and no fault-related structures were 
present before reactivation. The model also presumes that any ramp- 
flat junction is too far away to effect the fold. The growth sequence 
over the backlimb does not contain the Rat panel between two dipping 
ones typical of fault-propagation folds (Fig. l), but resembles that of 
fault-bend folds (Fig. 2). Likewise the crest of the growth sequence lies 
on the backlimb side of the anticline, and the thin part of the growth 
sequence lies on the forelimb side. Because any ramp-flat junction is 
off the scale of this figure, strata of the pre-growth sequence are 
structurally higher behind the anticline than the pre-growth strata in 
front of the anticline. This also produces a thinner growth sequence 

behind the anticline than in front of it. 

fault tip of this model moves back along the pre- 
existing fault (Fig. 4) instead of propagating into 
unfaulted rock. 

CONSTRUCTION OF FAULT DISPLACEMENT- 
GRADIENT FOLD MODELS 

The fault displacement-gradient model presented 
here preserves area but not bed length. The geometric 
relationships are shown in Fig. 5. Figure 5(a) shows the 
displacement of the hanging wall as if there were no fault 
displacement gradient. Points P,Q and R move to points 
P’, Q’ and R’, and if area is conserved, the two pat- 
terned areas must be equal. Figure 5(b) assumes that 
displacement on the ramp dies out at the top of the 
model at point R. In this case, line Q’R’ is artificial and 
used only for construction purposes. The displacement 
gradient causes the upper surface to fold into line Q’R. 
To conserve area, trapezoid (2) must equal triangle (1) 

Fig. 5. Diagrams illustrating the graphical technique used to construct 
fault displacement-gradient folds. An explanation is in the text, and 

definitions of the variables are listed in Table 1. 

(Fig. 5b). Although other geometries are possible, using 
simple trapezoids makes it easier to establish relation- 
ships between the displacement gradient and the fold. 
Note that Trapezoid 2 (Fig. 5b) degenerates into a 
triangle when b = B/2 and a = a*. In this case, the 
resulting geometry more closely resembles a traditional 
fault-propagation fold. 

The variables used are listed in Table 1. The area of 
triangle (1) (Fig. 5b) can be related to the displacement 
gradient (V) and area (A) of triangle (3): 

alA = hblHB 

However, 

Sin 6 = h/S,,, = HIL,, 

so 

h/H = S,,,IL, = (1 - V). 

Therefore, 

a = A(1 - V)bIB. 

Also, 

(1) 

a* = h*(B -- b) - h*2(Cot (I? + Cot @)/2. (2) 

To conserve area, a = a*. However, @ can be elimi- 
nated from equation (2) because 

Cot @ = (b - S,,, Cos d)/(S,,, Sin 6). 

Equating equations (1) and (2) and eliminating Cot CD 
results in the following relationship: 
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Table 1. Definitions of variables (see Fig. 5b) 

Lo Length of slip dissipation zone along fault 
L’ Deformed length of material parallel to the slip dissipation zone 
V Fault displacement gradient. V = L’ILo 
s max Maximum slip along fault. S,, = Lo(l - V) 
B Undeformed length of folded line Q’R. Also the base of the triangle (3) with height H. 
B’ Length of folded line Q’R 
b Base of small triangle (1) 
h Height of triangle (1) 
h* Height of trapezoid (2) 

Esi 
Height of triangle (3) 
Dip angle of fault ramp 

@ 
8 
a 
a* 
A 
1 

TI 
i-2 

Pl 

ur, 

Dip angle of fold forelimb 
Dip angle of upper part of fold backlimb 
Area of triangle (1). a = hb/2 
Area of trapezoid (2). a* = h*(B - b) - h*‘(Cot@ + Cot@)/2 
Area of triangle (3). A = HB/2 
Average layer parallel strain over the fold crest. 1 = B’IB 
Thickness of layer on one side of a fold hinge 
Thickness of layer on the side of a fold hinge across from TI 
Angle between fold hinge surface and layer on side T1 
Angle between fold hinge surface and layer on side T2 

h*2 - 2h*(B-b)S,,, Sin 6 

b - S,,(Cos 6 - Sin 6 Cot 0) 

+ 
2Ab(l - V)S,,, Sin 6 

B[b - S,,_(Cos 6 - Sin 6 Cot G] 
= 0 (3) 

Equation (3) is a general relationship for fault 
displacement-gradient folds and can be solved for h 
knowing limb dips, fault dips, maximum slip, initial 
length and area of the folded layer, and the displacement 
gradient along the fault. 

An average layer parallel strain over the crest of the 
model can also be calculated. If B’ is the deformed layer 
length, 

B’ = B - b + S,,, Sin G/Sin @ 

+ h*[Tan(W2) + Tan(W2)] (4) 

then average layer parallel strain 1 is: 

2 = B’IB = 1 - b/B + S,,, Sin d/(B Sin a) 

+ h*[Tan(W2) + Tan(8/2)]/B. (5) 

A fold geometry based on equation (3) is shown in 
Fig. 5(c). There are several features in Fig. 5(c) which 
are different compared to the standard fault- 
propagation fold (Fig. 1): the flat crest is present in the 
core of the fold; hinge lines are curved; and two different 
dips are possible on the backlimb. [The terms backlimb 
and forelimb are used a little differently here than the 
usage recommended in the Glossary of Geology (Bates 
& Jackson 1987). Forelimb is used to refer to the limb of 
the fold nearest the fault tip, and backlimb refers to the 
limb farthest away from the fault tip no matter which is 
the steeper limb, or whether the fold is asymmetric or 
not.] 

Equation (3) will also produce a simple step fault- 
propagation fold (Suppe & Medwedeff 1990) if b = B/2, 
V = constant, 0 = 6, and;1 = 1. Equation (3), however, 
does not include any layer parallel shear exerted on the 
hanging wall at the boundary of the model as in Suppe & 
Medwedeff (1990). 

CHARACTERISTICS OF THE FOLD MODEL 

Because the growth section of geometric models can 
be used to distinguish various types of fault-related 
folds, comparison of the growth sections in the various 
models is useful. There are also no constraints on layer 
thickness changes in either the forelimb or backlimb of 
the pre-growth strata. The dips of the fold limbs can 
change during folding, and limb thickening/thinning can 
also change with limb dip, and fold history. As with all 
kink folds the change in thickness across a kink hinge 
surface is proportional to the sine of the angle between 
layering and the hinge surface (see Fig. 5b); i.e. 

TrJSin vr = T,/Sin T2 (6) 

where the subscripts refer to opposite sides of the hinge 
surface. 

In the standard fault-propagation model (Fig. l), the 
thinnest part of the growth stratigraphic section is in the 
triangular region spreading out above the hinge in the 
pre-growth strata (Fig. Id), and growth strata thicken 
incrementally down the backlimb. Normal stratigraphic 
thickness occurs in the triangular region extending out 
from the forelimb, and a triangular wedge of horizontal 
layers occurs in the growth section above the backlimb in 
Fig. l(d) (Suppe & Medwedeff 1990). 

A fault displacement-gradient model (Fig. 3), in 
which the fault tip does not move, has a tapered forelimb 
growth section that thins towards the crest (Fig. 3a). As 
the fold grows, the hinge in the pre-growth strata mi- 
grates into the forelimb taper producing a crest in the 
growth section which is above the upper part of the 
forelimb of the underlying fold in the pre-growth strata 
(Figs. 3b & c). The growth section continues to thin over 
the crest of the pre-growth fold and then thickens down 
the backlimb (Figs. 3b & c). The wedge of horizontal 
strata that occurs in the fault-propagation fold (Fig. 1) is 
also present in the growth section of the backlimb. 

Figure 4 is a reverse fault displacement-gradient 
model in which the fault tip moves down dip. A variation 
of this model is used for the geologic example in the next 
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section. In this model (Fig. 4), the fold crest in the pre- 
growth strata migrates toward the backlimb, opposite to 
the sense of displacement of the hangingwall in which it 
occurs. This produces a forelimb growth section with a 
triangular shaped region of thinned strata which changes 
over the crest into a normal thickness on the backlimb 
(Fig. 4~). Over the crest of the pre-growth fold, the 
growth strata has a more complex pattern of thickness 
changes. Note that the crest of the growth strata is 
displaced toward the backlimb relative to the crest in the 
pre-growth strata (Figs. 4b & c). The model shown in 
Fig. 4 is associated with a fault which does not flatten 
with depth in the vicinity of the fold. As a result, the 
hanging wall block is structurally higher than the foot- 
wall block, and the resulting growth section is thinner in 
the hanging wall than it is in the footwall. 

Fault-bend folds (Fig. 2) have a growth section similar 
to the reverse fault displacement-gradient model of Fig. 
4. Comparing the uppermost layer of Fig. 4(c) with Fig. 
2(d), the crest of the growth section of both models is 
displaced toward the backlimb relative to the crest in the 
pre-growth strata; both models have a triangular shaped 
region of normal thickness above the backlimb giving 
way to thinner strata over the crest; both models have a 
triangular region of thinner strata above the forelimb 
which thickens to a normal section in front of the 
structure. There are also some differences between the 
two models. For example in the growth strata over the 
top of the structures, the displacement-gradient fold of 
Fig. 4 has more complicated stratigraphic thickness 
relationships over the crest of the pre-growth structure 
than the fault-bend fold does (Fig. 2). In addition, the 
displacement-gradient model (Fig. 4) has structural re- 
lief on the hanging wall because the ramp did not flatten 
in the vicinity of the fold. If there were a flat in the 
underlying fault, the back limb of Fig. 4 would have had 
a triangular region of horizontal strata in the growth 
section. The triangular region of horizontal strata is 
always absent in simple fault-bend folds. 

While there are differences in the details of the growth 
section of the fault-bend fold and a reverse fault 
displacement-gradient model in which the fault tip 
moves down the ramp, these differences may be hard to 
detect in natural examples. The most obvious difference 
between the models in Figs. 2 and 4 is the structural 
relief in the displacement-gradient fold which is absent 
in the fault-bend fold of Fig. 2. Although it is possible to 
construct a double ramp fault-bend fold in which the 
front fold has apparent structural relief in the hanging- 
wall block, the presence or absence of this structural 
relief may be the easiest way to distinguish between this 
particular fault displacement-gradient model and simple 
fault-bend folds. 

AN EXAMPLE FROM LOST HILLS, 
CALIFORNIA 

The structure at Lost Hills, San Joaquin Valley, 
California (U.S.A.) (Fig. 6), is part of the Coast Ranges 

Foldbelt (Namson & Davis 1988), and has been used as 
an example of a fault-bend fold based mainly on the Plio- 
Pleistocene growth sequence across the structure (Med- 
wedeff 1989). The approach used by Medwedeff (1989) 
is an excellent example of the use of geometric models to 
infer structural geometry at depth where information is 
unavailable (see also Mount et al. 1990). 

Figure 7 is a seismic line across the Southeast Lost 
Hills structure. Seismic reflectors beneath the anticline 
are present down to approximately 3 s, but below that, 
the structure is not imaged. The growth sequence in- 
cludes the Plio-Pleistocene Etchegoin, San Joaquin and 
Tulare Formations. At the level of the Upper Miocene 
Reef Ridge and Monterey Formations, the anticline has 
a broad crest, but at the level of the growth sequence the 
crest of the structure is located near the southwest limb 
of the lower level anticline. Note that the growth se- 
quence is tapered over the northeast limb of the struc- 
ture. The growth sequence is more or less consistent 
with a fault-bend fold model (Fig. 2) which led Medwe- 
deff (1989, Fig. 4) to that interpretation. This interpre- 
tation of the structure has significant economic 
implications because the Monterey Formation near the 
surface produces petroleum. If Monterey also exists 
below an upper flat of a fault-bend fold, it could be an 
important exploration target. 

While a fault-bend fold model fits the data reasonably 
well, the reverse fault displacement-gradient model 
(Fig. 4) also explains the available data, and resolves an 
important question concerning the fault-bend fold 
model: what happens to the fault displacement east of 
the structure where significant deformation is absent? In 
displacement-gradient structures all of the fault slip is 
accommodated by the folding. 

Figure 8 is a cross-section constructed near the seismic 
line shown in Fig. 7. The cross-section is constrained by 
over 100 wells into the Monterey Formation in the crest 
of the structure, and a network of seismic lines (includ- 
ing Fig. 7). A deep well and linked seismic line (not 
shown) east of the structure constrains the formations in 
the footwall of the reverse fault. The seismic line of Fig. 
7 does not include the North Belridge structure shown in 
Fig. 8. Also note that the vertical scale in Fig. 8 is in 
distance while it is time in Fig. 7. 

Figure 9 presents one possible area-balanced geo- 
metric model for the kinematic development of the Lost 
Hills structure from the beginning of Monterey depo- 
sition (Fig. 9a) to the present (Fig. 9d). The reverse fault 
(Lost Hills Fault) was probably active during Monterey 
deposition (Fig. 9a). It may have been active earlier, but 
stratigraphic data from the lower Tertiary and Creta- 
ceous in the Lost Hills area are not detailed enough to 
tell. 

Displacement continued through Monterey, Reef 
Ridge and Lower Etchegoin time (Fig. 9b). The fault 
apparently cut the sea floor because a thinner strati- 
graphic sequence was deposited on the hanging-wall 
compared to the footwall (Fig. 8). No systematic change 
in thickness of these sediments occurs on the hanging- 
wall so there is no evidence of folding during Miocene 
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SOUTHERN JOAQUIN 
CONTOURB ON TOP OF LOWER PLIOCENE \ 

\ COAST RANGES 
\ BOUNDRY MAJ~JygE 

e=3 ‘r’r’r’ BASEMENT’ 

- ~i%i%D~ONS - FAULTS 
OIL AND 
GAB FIELDS 

Fig. 6. Map of the southern San Joaquin Valley near Bakersfield, California (U.S.A.), showing location of the seismic line 
and cross-section shown in Figs. 7 and 8, as well as other published cross-sections referred to in the text. 
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Fig. 8. A cross-section of the structure at Lost Hills based on a network of seismic lines (including Fig. 7), drill holes, and 
the geometric model shown in Fig. 9. (See Fig. 6 for location.) 
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Fig. 9. A geometric model showing a possible history of the Lost Hills structure. Thick dashed lines represent inactive fault 
segments. Solid thick lines represent active fault segments. Further description is given in the text. 

displacement on the fault. This requires a planar fault, 
with no displacement gradient, at least over the horizon- 
tal distance of the cross-section. There was obviously a 
vertical component of slip on this fault, but it could also 
have had a significant horizontal component as well. No 
geological information is available to determine the 
horizontal component. 

By upper Etchegoin time (Fig. SC), the Lost Hills 
Fault had apparently stopped growing and was covered 
by sediment. Thickness changes in the upper Etchegoin 
(Figs. 7 and 8) on the hanging-wall indicate that shorten- 
ing was taken up by folding. This change from faulting to 
folding at Lost Hills coincided in time with the Pliocene 
change in relative motion between the Pacific and North 
America plates (Cox & Engebretsen 1985, Pollitz 1986, 
Montgomery 1993). If the modern stress field is rep- 
resentative of the Pliocene stress, horizontal shortening 
became nearly perpendicular to the fault (Mount & 
Suppe 1987,1992, Zoback et al. 1987, Castillo & Zoback 
1994). This may account for the fact that the fault 
stopped moving and was then reactivated. The fold that 
begins to form at this stage (Fig. SC) can be modeled as a 
reverse fault displacement-gradient fold. The fold forms 

over an interval of diminishing displacement along the 
upper part of the fault. 

In Fig. 9(d), the final stage, the fault tip moves farther 
down the fault, and the fold crest of the growth section 
migrates above the backlimb of the fold in the pre- 
growth section. 

In the model (Fig. 9), wedging and low angle thrust 
faults at depth are not activated until the Early Pliocene 
change in plate motion and the deposition of the upper 
Etchegoin (Fig. SC). In the interpretation of the deep 
structure, a thrust fault intersects the Lost Hills Fault 
and some of the thrust fault displacement is transferred 
to the steeper dipping fault to modify the Lost Hills fold 
and move its crest southwestward. At the same time, the 
geometry of and displacement on the deep thrust fault 
also needs to generate the NE-dipping panel of sedi- 
ments between Lost Hills and North Belridge. A geo- 
metric wedge, with opposite sense of displacement on its 
floor and roof thrusts is the simplest explanation. Some 
of the displacement on the floor thrust is used to produce 
the Lost Hills fold. The rest of the displacement is 
accommodated by the roof thrust to generate the NE- 
dipping panel (Fig. 9d). This wedge may be a reacti- 
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vation of the older Cretaceous-Lower Tertiary wedge of 
Wentworth et al. (1984), or a new structure. However it 
seems to be a regional feature and also occurs at the 
northwest end of the Kettleman Hills of which the Lost 
Hills structure is a part (Bloch et al. 1993). 

This reverse fault displacement-gradient fold is appro- 
priate for preexisting faults which were reactivated with 
a change in effective stress. The sedimentary growth 
pattern fits the Lost Hills structure quite well (compare 
Figs. 9d and 7) and the model is consistent with the 
geological data. However, I know of no other cases 
reported in the literature where a fault tip and the 
related process zone of a fault, has migrated back along 
the fault, opposite to the direction of initial propagation. 
For this opposite migration to occur, there would have 
to be a change in the effective stress that initiated the 
fault in the first place. This change in effective stress may 
reactivate the fault, and the fault would probably be 
misoriented in the new stress field for unstable frictional 
sliding governed by a Coulomb failure criterion. Sibson 
et al. (1988) and Sibson (1990) have considered reacti- 
vation of misoriented faults and concluded that reacti- 
vation in stress fields conducive to thrust faulting 
requires a fluid pressure in excess of the lithostatic load. 
Therefore, the position of the fault rupture depends on 
the location of fluid pressure buildup that exceeds the 
lithostatic load. Migration of the reactivated fault tip 
down the fault would then depend on a mechanism that 
produced a zone of high fluid pressure that moved 
deeper with time. Although the history of high pore 
pressures is not known, they do exist at present in the 
vicinity of the Lost Hills structure (Yerkes et al. 1990). 

SUMMARY AND CONCLUSIONS 

Fault displacement-gradient folds can be modeled 
geometrically by maintaining constant area, but not 
necessarily constant layer length. The fault tip may 
propagate into unfaulted rock (fault-propagation folds), 
may not move at all, or may retreat back down the fault 
if the fracture is reactivated. A general equation is 
derived relating fold shape to fault displacement gradi- 
ent, and fault-propagation folds are a special case. 

The anticline near Lost Hills, California, U.S.A., has 
a growth sequence which has been interpreted as over- 
lying a fault-bend fold. However, the reactivated re- 
verse fault displacement-gradient fold model can also 
explain the growth sequence, and should be considered 
when interpreting structural history. 

Finally, geometric models that conserve area and/or 
line length may be physically impossible because they do 
not conserve energy or account for material properties. 
To be plausible, however, it is necessary to find a natural 
example which is at least consistent with the geometric 
model. 
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