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Abstract. Fossil faults are permanently inactive fault zones, preserved and recognized in the geological record 
of an area by major brittle, semi-brittle, or mylonitic fault rocks, showing significant width and displacement. 
Applications and purposes of fossil fault researches include, but are not limited to, investigation on seismic 
faulting, analog model of active faults, metal ore deposits, paleo-path and fluid migration, deformation mech-
anism and fault migration along-strike and down-dip. These categories involve subsidiary subjects, some of 
which are relatively new and seem to attract more attention. Fossil faults are a major source of information 
about past geological processes that were active at some depth in Earth’s lithosphere, and also provide an 
opportunity for assuming and predicting the future in structural geology. This paper reviews the researches 
done on fossil faults and their applications since the early 1970s, albeit not always listed as “fossil faults”.
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INTRODUCTION

Fossil fault, inactive fault, dormant fault, and dead 
fault are some of the terms that are used in different 
ways to describe faults without observable activity. 
Inactive fault is a term mainly used in seismotectonics 
and active tectonics contexts. Sometimes, it refers to 
faults that have had movements during the Holocene 
or the last 10,000 years (e.g., USGS, 2017). Howev-
er, a more academic definition of inactive faults is a 
fault with one movement during the last 35,000 years 
or more movements during the last 500,000 years, 
according to the US NRC Guidelines, part 100 (US 
NRC, 2017). Jackson (1999) explained that faults may 
become inactive for a period of time (dormant fault) 
or permanently (dead fault). Fault dormancy, or death, 
is sometimes the result of spatial migration of activ-
ity, switching between faults (Jackson, 1999), or fault 
zone migration in general (e.g., Leeder et al., 2008; 
Ehteshami-Moinabadi, 2014). Therefore, fossil faults 
are permanently inactive fault zones, preserved and 
recognized in the geological record of an area by major 
brittle, semi-brittle, or mylonitic fault rocks, showing 
significant width and displacement. Fossil faults have 
not had any activity since the Pliocene (Fig. 1). The 

aim of this paper is to highlight and review the signifi-
cance and applications of studies on fossil faults.

Evidence and criteria to distinguish  
fossil faults

Distinguishing between fossil faults and other faults 
requires detailed field assessment of structures and 
especially cross-cutting relationships. Mylonitic rocks 
are products of fossil ductile shear zones; however, 
long-standing deep-seated active reverse faults can 
also exhume plastically deformed rocks from the 
lower crust (e.g., Miller, 2003; Meigs et al., 2006; 
Ehteshami-Moinabadi and Yassaghi, 2007; Suppe 
et al., 2015; Lacombe and Bellahsen, 2016). Figure 
2 shows some criteria for recognition of fossil faults. 
Fault zones covered or displaced by younger faulted 
blocks (e.g., Neogene thrust fault) should generally 
be considered as fossil faults (Fig. 2a). Ehteshami-
Moinabadi et al. (2012) and Ehteshami-Moinabadi 
and Yassaghi (2013) reported an example, where the 
eastern portion of the Taleqan Fault is partially cov-
ered by an Oligocene–Miocene thrust fault. Passive 
change of fault-dip direction (Fig. 2b) or folding of 
fault zones in meso-scale (Fig. 2c) or map-scale (e.g., 
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Fig. 1. Schematic drawings for differentiation between inactive (a) and fossil faults (b). Fossil faults have not had any activity since 
at least the Pliocene.

Fig. 2. Criteria for distinguishing fossil faults: a) old fault zone covered by a younger fault block; b) rotation of a fault zone, spe-
cifically in inverted terranes, that leads to change in dip direction of a portion of the fault and, sometimes, to its activation as a new 
fault zone (after Grocott and McCaffrey, 2017); c) folding of a fault zone shown as a sketch (up) with original photograph (down) 
taken from Long (2010), with kind permission from R.D. Long.



63

Mohajjel and Houshmand, 2016) are good evidence 
of a fossil fault. In inverted terranes, some original 
normal faults become gradually steeper during inver-
sion, until they cannot slip as a reverse fault due to 
mechanical difficulties (e.g., Coward, 1994). Some of 
these faults ultimately become inactive and then turn 
into fossil fault zones, but it is possible that some of 
them rotate passively and partially incorporate in the 
newly formed post-inversion faults (e.g., Grocott and 
McCaffrey, 2017; Fig. 2b).

The Hasanakdar Fault in the south Central Alborz 
is an originally normal fault that was inverted dur-

ing the early Cimmerian phase in the Late Triassic 
(Ehteshami-Moinabadi et al., 2012; Fig. 3). Former 
studies show that this fault is a high-angle, south-
dipping inverted fault with a defined outcrop to the 
east of the Karaj Valley, showing evidence of ductile 
deformation, including foliation, S-C fabric, elongated 
quartz grains, etc. (Fig. 3b–d). However, to the west of 
the Karaj Valley, the fault is covered by the Cenozoic 
Thrust (TF) (Fig. 3a, e). Based on fieldwork, it has 
been suggested that the Hasanakdar Fault zone has ro-
tated passively and incorporated partially into the TF 
fault zone (Fig. 3f). A more detailed geological back-

Fig. 3. Hasanakdar Fault, a fossil, partially rotated, inverted fault in Central Alborz. a) Local geologic map showing the Hasanak-
dar Fault (after Ehteshami-Moinabadi, 2017); b) Photograph of minor reverse faults in the Hasanakdar fault zone that have thrust 
Cambrian to Ordovician rocks from the south over the Permian rocks to the north. Stereogram after Ehteshami-Moinabadi et al. 
(2012); c) Southeast-dipping foliation in the Hasanakdar shear zone; d) Microphotograph of sheared rocks in the fault zone with 
ductile structures including elongated quartz grains along foliation, S-C fabric, and evidence of post-tectonic fabric changes; e) 
Thrust fault in the Permian rocks (TF in a) to the west of the Karaj Valley, which is interpreted as going inside the rotated portion 
of the Hasanakdar fault zone; f) Rotation of the Hasanakdar fault zone from a south-dipping high-angle fault to a shallow northeast-
dipping fault in the west parts of the Karaj Valley.
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ground of the area is given by Ehteshami-Moinabadi 
et al. (2012) and Ehteshami-Moinabadi (2017).

APPLICATION OF FOSSIL FAULT STUDIES

Convergent plate margins characterized by subduction 
erosion are fundamentally different from those char-
acterized by accretion (Vannucchi et al., 2009). Since 
the early 1970s, seismic profiles, deep-sea drilling 
programs, and field studies on fossil subduction com-
plexes have led to the development of the accretionary 
prism model (e.g., Karig, 1974; Seely et al., 1974; Ka-
rig and Sharman, 1975; Vannucchi et al., 2009). That 
was an early indirect application of fossil fault studies 
in the development of plate boundary evolution mod-
els. From an overall perspective, all studies devoted 
to mylonitic fault zones are in the domain of fossil 
fault studies. However, to obtain a sensible goal, it is 
needed to classify the usages of fossil fault studies in 
finer branches. Fossil fault studies may be applicable 
to the following subjects or classes: investigation on 
seismic faulting, analog models of active faults, metal 
ore deposits, paleo-path and fluid migration, and de-

formation mechanism and fault migration along-strike 
and down-dip.

Fossil faults and investigations on seismic 
faulting

The study of fossil fault zones has opened new ways 
of understanding the details of friction and the way 
strain energy is partitioned at the source between seis-
mic wave generation and the energy dissipated into 
fracture energy, heat, etc. (Vannucchi et al., 2009). 
Implosion brecciation is a process along seismic faults 
occurring due to sudden creation of void space and flu-
id-pressure differentials at dilational fault jogs during 
earthquake rupture (Fig. 4; Sibson, 1986). Examples 
of implosion brecciation within a dilational jog have 
been reported from a fossil thrust in Japan (Ujiie et al., 
2007) and a fossil Precambrian shear zone that was 
reactivated later as a seismic fault in Norway (Swens-
son, 1990). Pseudotachylite is a cohesive glassy or 
very fine-grained fault-rock (Passchier and Trouw, 
2005). It is the product of seismic heating along faults 
due to friction that leads to partial and local melting of 
rocks. Examples of fossil pseudotachylites have been 

Fig. 4. Sketch and photographs of a fossil thrust fault from the Shimanto accretionary complex, Japan, modified from Okamoto 
et al. (2006) with kind permission from G. Kimura. a) Sketch of the fault. Outcrops are oblique to the slip direction. Note that the 
fault is composed of two parts: sharp planar sections and dilation jogs; b) Outcrop of a slipped part with pseudotachylite layer; c) 
Outcrop of dilation jog showing implosion breccias; d) Photomicrograph of the slipped part with pseudotachylite and implosion 
breccia, in which the translucent fault core is bounded by cataclasite-like breccia in the dark carbonate matrix.
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reported from the Cretaceous–Tertiary Shimanto Belt 
in Japan (Fig. 4; Ikesawa et al., 2003; Okamoto et al., 
2006), the Alpine Belt in Croatia (Andersen and Aus-
trheim, 2006), the Tananao Metamorphic Complex, 
Taiwan (Chu et al., 2012), and elsewhere. In fact, 
many pseudotachylites are fossil seismic fault rocks 
(Lin, 2008). Various aspects of pseudotachylites and 
researches on seismogenic friction were discussed in 
a special issue of Tectonophysics (Ferré et al., 2005). 
Acoustic fluidization is a process that allows fractured 
rock mass to behave like a fluid when acoustic waves 
travel through the rock, causing the fractured pieces 
to vibrate. Once the vibrations stop, a temporary re-
duction in friction occurs by reducing the confining 
pressure through a mechanism known as acoustic flu-
idization. It is also assumed to explain earthquake re-
mote triggering (Melosh, 1979; Giacco et al., 2015). 
The product of this process may be preserved as 
fluidized cataclasites in fossil fault rocks (Rowe et 
al., 2005; Vannucchi et al., 2009; Yamaguchi et al., 
2014). Another mechanism may be active in seismic 
depth, including pressure-solution and pressurization-
depressurization processes that may be found in fossil 
seismic faults. Vannucchi et al. (2009) described large 
fluid pressure variations during the seismic cycle and 
the role of a temperature-dependent change in the in-
situ fluid at the onset of seismogenesis by studying a 
fossil megathrust in the Northern Apennines of Italy.

Fossil faults as analogs of active faulting

Based on the tectonic setting of fossil faults at their 
final activity time span, they can be studied as analo-
gous natural models to modern faults in similar active 
tectonic settings. For example, Rovelli et al. (2002)  
analyzed and reported the effects of trapped energy of 
seismic waves inside an inactive Pliocene fault zone in 
the Nocera Umbra, Central Italy. The trapping effect 
of fault zones has further been investigated by other 
researchers (e.g., Lewis et al., 2005). Lizurek et al. 
(2015) investigated a mining-induced earthquake in 
Polkowice Town near the Rudna mine, Poland. Based 
on the seismic analysis, along with macroseismic sur-
vey and observed effects from the destroyed part of 
the mining panel, they found that the mechanism of 
the event was complex rupture initiated as thrust fault-
ing on an inactive tectonic normal fault zone.

Fossil faults: ancient and modern paths  
for fluid migration

Some faults can act as pathways for fluid migration, 
so they are important geological structures for fluid, 
energy, and solute transport (López and Smith, 1995). 
In a fault core and damage zone model of fault archi-
tecture, the fault core is considered as an across-fault 
flow barrier, while the damage zone is a fault conduit 
(Caine et al., 1996; Faulkner et al., 2010). Rocks from 
the fault core are commonly rich in phyllosilicates, 

which typically have low permeability, and only form 
barriers to flow if they are continuous throughout the 
fault plane (Faulkner and Rutter, 2001). Faults can be 
a fluid-migration pathway for water, hydrocarbons, 
etc. (Jiang et al., 1997; Boles et al., 2004; Faulkner 
et al., 2010). On the basis of the relationship between 
mineralization as high fluid flux indicator, static stress 
changes, fault triggering, and fluid flow in two min-
eralized Archean fault systems in Australia, Mick-
lethwaite and Cox (2006) concluded that fluid flow 
through mid-crustal fault systems in crystalline rocks 
is spatially localized in regions where repeated clus-
ters of aftershocks cause permeability enhancement. 
In other words, large aftershocks or subsequent trig-
gered earthquakes can exert a strong control on where 
the highest fluid fluxes occur through small-event af-
tershock fault networks. Roberts (1991) assessed the 
structural control of fluid migration through a fossil 
thrust fault in the sub-Alpine foreland thrust belt of 
France. Meneghini et al. (2007) studied the defor-
mation mechanisms associated with fluid migration 
across a fossil accretion-related fault zone in the 
Northern Apennines, Italy. By detailed analysis of dif-
ferent generations of syn-tectonic veins, they found 
and analyzed three hydro-fracturing vein systems that 
exhibit high-porosity and high-permeability channels 
observed along décollements in modern accretionary 
prisms (Meneghini et al., 2007).

Ritter et al. (2005) studied electrical conductivity 
images of active and fossil fault zones by magneto-
telluric investigation. Based on the similarity between 
fault-zone conductors of active and inactive faults, 
they explained that meteoric waters enter the fault 
zone. However, their investigation on a high dip an-
gle large fossil shear zone in Namibia showed that the 
shear zone has a high, anisotropic conductivity, which 
is attributed to graphitic enrichment along former 
shear planes. They concluded that graphite is stable 
over very long time spans, and thus fault zones may 
remain conductive for a long time after activity ceases 
(Ritter et al., 2005). Vannucchi et al. (2010) reported 
their observations on fluid flow along and across a 
Tertiary fossil fault in the Northern Apennines, Italy. 
They defined three levels of fluid flow. Deep, interme-
diate, and shallow levels are respectively characterized 
by discrete deformation events on shear faults offset 
by dilational jogs, repeated crack-and-seal events, and 
quasicontinuous deformation without vein formation.

By stable isotope and geochemical studies on a Ter-
tiary normal shear zone in Basin and Range of Utah, 
Barnett et al. (1996) concluded that the fluid flow re-
sponsible for the isotopic alteration was episodic, of 
short duration, and possibly related to discrete seis-
mic events. This observation supports a model of al-
ternating fluid flow and permeability sealing related 
to hydrothermal deposition within fault zones. Stud-
ies on a large prehistoric landslide in the Himalayan 
Mountains of Nepal (i.e., Tsergo Ri) have shown that 
seeping glacier melt and precipitation waters into pre-
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existing structures of ore-mineralized zones, mylonitic 
rocks and pseudotachylite horizons destabilized one of 
the largest terrestrial landslides in the High Himala-
yan crystalline rocks in Langtang, Nepal (Weidinger 
et al., 1996, 2002; Schramm et al., 1998; Takagi et 
al., 2007).

Fossil faults and metal ore deposits

Major fault zones can directly or indirectly contribute 
to the formation of metal ore deposits. Sometimes, the 
fossil fault zones themselves are the host of ore min-
eralizations or have provided paths for hydrothermal 
fluids in the past (e.g., contact metamorphic deposits 
– Sawkins, 1990; Emsbo, 2009; and many other rift-
related deposits) or have structurally controlled the 
ore mineralization while active (e.g., Taupo Volcanic 
Zone, New Zealand – Krupp and Seward 1987; Philip-
pine fault zone – Carranza and Hale, 2002; Cloos and 
Sapiie, 2013). Fossil fault zones may be the host for a 
variety of metal deposits including:

1) exoskarn or replacement deposits in limestone-
bearing fault zones near source intrusive rocks (e.g., 
Meinert et al., 1980; Einaudi and Burt, 1982);

2) mesothermal gold deposits in shear zones (e.g., 
Dodge and Loyd, 1984; Nesbitt et al., 1986; Sibson, 
1986; Robert et al., 1995; Craw et al., 1999; Heidari 
et al., 2006);

3) some epithermal precious metal deposits such as 
Comstock Lode (Sawkins, 1990);

4) gold deposits related to low-angle detachment 
faults (Fig. 5; Sawkins, 1990; Long, 1992; Carillo and 
Huyck, 1997; Marchev et al., 2004);

5) examples of Cyprus-type VMS, such as most of 
the deposits in the Newfoundland ophiolites (Sawkins, 
1990);

6) occurrence of Cu, Ni, Co, and Fe sulfides and 
arsenides along fossil fault zones within serpenti-
nized harzburgite in the Limmasol Forest area of the 
Troodos ophiolite (Panayiotou, 1980);

7) relationship between kimberlites and fossil 
transform faults (Mitchell and Garson, 1981).

Fossil fault studies for understanding 
deformation mechanisms, along-strike  
and down-dip fault migration

Faults evolve on different scales of time and length. 
The kinematics of faulting and fault geometry are as 
important as grain-scale deformation mechanisms in 
determining the rheology of faults in the lithosphere 
(Handy et al., 2007). Many studies on microstructures 
and deformation of mineral grains in ductile shear 
zones during last several decades are based on sections 
and samples from fossil exhumed ductile fault zones 
and mylonites (e.g., Bell and Etheridge, 1976; Berthé 

Fig. 5. Schematic diagram showing the structural position of detachment fault-related polymetallic mineralization, (Mn)-barite-
fluorite veins, and lacustrine manganese mineralization in detachment-faulted terrane in a core-complex setting. Modified after 
Long (1992), with kind permission from K.L. Long.
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et al., 1979; White et al., 1980; Gapais and White, 
1981; Burg et al., 1984; Passchier, 1984; Simpson, 
1985; Jessell, 1987; Knipe, 1989; Pryer, 1993; An-
tonellini et al., 1994; Grujic et al., 1996; Brown and 
Solar, 1998; Stipp et al., 2002; Warren and Hirth, 
2006; Skemer et al., 2009; Cao et al., 2010; Hadizadeh 
et al., 2012; Piazolo et al., 2012). Exhumation of fos-
sil faults from different paleodepths provides opportu-
nity for the study of fault mechanisms and propagation 
along-strike and down-dip (Furlong et al., 2007). A 
fossil transpressional fault zone in the Tertiary Eu-
ropean Alps indicates that localization in the upper 
crust has involved fracturing and cataclasis, while in 
the lower crust it has included buckling and mylonite 
shearing along anisotropic compositional banding and 
schistosity (Furlong et al., 2007). Fault migration oc-
curs when a main fault zone cannot be reactivated and 
fresh fault surfaces develop in the footwall or hang-
ing wall of the main fault with linkage (Stewart and 
Hancock, 1991). One consequence of the migration of 
fault zones is the inactivation and then fossilization of 
older fault zones. During positive tectonic inversion, 
some of the original normal faults are not reactivated, 
but they represent important mechanical discontinui-
ties generating stress concentration and buttressing ef-
fects that can localize the development of successive 
thrust ramps or new footwall shortcuts (e.g., Coward 
et al., 1991; Tavarnelli, 1996; Erickson et al., 2001; 
Scisciani et al., 2001; Scisciani, 2009; Ehteshami-
Moinabadi, 2014). Sometimes, the behavior of a fossil 
fault can passively change and play the role of a zone 
of weakness for new thrust development just on the 
opposite side of the original vergence of the fault.

DISCUSSION

Fossil faults are permanently inactive fault zones, 
preserved and recognized in the geological records 
of an area by major brittle, semi-brittle or mylonitic 
fault rocks. Geologically, the fossil faults have no pos-
sibility of whole-length reactivation, while the inac-
tive faults can reactivate due to change of regional 
stress regime or regional strain rate. In other words, 
the whole-length reactivation of very old fossil fault 
zones that, for example, have been passively folded 
or metamorphosed is under question. However, they 
can sometimes passively rotate and partially incorpo-
rate in a new fault (Figs 2, 3). In no period of modern 
structural geologic studies have fossil faults been con-
sidered as the origin and destination subject of investi-
gations. However, the interconnectedness of different 
objects in geological structures, very long-term (order 
of billions of years) consistency of simple but im-
portant rules on Earth, stress, strain and deformation 
mechanisms, rheology and rock mechanics has pro-
vided an opportunity for structural geologists to apply 
Charles Lyell’s law “the present is the key for the past” 
(Blundell and Scott, 1998; Mathieson, 2002). Fossil 

faults are a major source of information about past 
geological processes that were active at some depth 
in Earth’s lithosphere, and also provide an opportunity 
for proposing and predicting the future in structural 
geology. Major applications of studies on fossil faults 
have been categorized in Table 1. It also shows the 
subsidiary subjects in each topic and some examples 
form the available literature. Some subsidiary subjects 
are relatively new topics and seem to attract more at-
tention in the future, e.g., partitioning of strain energy 
at seismic source, acoustic fluidization, the trapping 
effect of fossil faults for seismic energy, fault zone 
and clay mineral studies based on fossil faults, fault-
ing and deformation mechanisms at different depths, 
and fault zone migration. Other topics have a long his-
tory of research that still continues, such as host rocks 
of ore mineralization and ductile microstructures in 
mylonites. Ultimately, it is possible that fossil faults 
will attract more attention for studying geophysical 
properties and synchronous integrated researches on 
various subjects related to major fault zones.

CONCLUSION

Fossil faults are permanently inactive fault zones, pre-
served and recognized in the geological records of an 
area by major brittle, semi-brittle or mylonitic fault 
rocks, showing a significant width and displacement. 
Investigations on fossil faults and their applications 
may be categorized as seismic faulting, analog mod-
els of active faults, metal ore deposits, paleo-path and 
fluid migration, and deformation mechanism and fault 
migration along-strike and down-dip. In no period of 
modern structural geology studies have fossil faults 
been considered as the origin and subject of investiga-
tions. However, studies on some aspects of structural 
geology based on exposed fossil ductile fault zones go 
back to the early 1970s, or even earlier. Fossil faults 
are a major source of information about past geologi-
cal processes that have been active at some depth in 
the lithosphere, and also provide an opportunity for 
predicting the future in structural geology. Some sub-
sidiary subjects are relatively new topics and seem to 
attract more attention in the future, e.g. partitioning of 
strain energy at seismic source, acoustic fluidization, 
the trapping effect of fossil faults for seismic energy, 
fault zone and clay minerals, etc. Also, it is possible 
that fossil faults may attract more attention for mul-
tidisciplinary researches and examining geophysical 
properties of fault zones in the near future.
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Table 1
Major applications and subsidiary fields of research on fossil faults

SourcesSubsidiary topicsMajor topics

Vannucchi et al. (2009)Partitioning of strain energy at 
source between wave generation, 
fracture generation, heat, etc.

Investigations on 
seismic faulting

Swensson (1990); Ujiie et al. (2007)Implosion brecciation 

Ikesawa et al. (2003); Andersen and Austrheim (2006); 
Okamoto et al. (2006); Chu et al. (2012)

Pseudotachylite and other seismo-
genic fault rocks

Rowe et al. (2005); Vannucchi et al. (2009); Yamaguchi et al. 
(2014)

Acoustic fluidization 

Vannucchi et al. (2009)Pressure solution/fluid pressure 
variation and seismic cycle

Rovelli et al. (2002); Lewis et al. (2005)Trapping seismic energy in inactive/
fossil faults 

Analogs of active 
faulting

Lizurek et al. (2015)Mining and seismic activation of 
inactive/fossil fault

Caine et al. (1996); Faulkner et al. (2010)Core zone/damage zoneAncient and mod-
ern paths for fluid 
migration Wintsch et al. (1995); Faulkner and Rutter (2001)Clay minerals in fault zones

Micklethwaite and Cox (2006)Complex relationships among vari-
ous parameters in fault zones

Roberts (1991); Jiang et al. (1997); Boles et al. (2004); 
Meneghini et al. (2007); Faulkner et al. (2010)

Fluid migration in fault zones

Ledo et al. (2002); Ritter et al. (2003); Ritter et al. (2005); 
Smirnov and Pedersen (2009)

Geophysical properties of fault 
zones

Robertson (1978); Einaudi and Burt (1982); Sawkins (1990); 
Long (1992); Robert et al. (1995); Carillo and Huyck (1997); 
Craw et al. (1999); Marchev et al. (2004)

As host of ore mineralization Metal ore deposits

Krupp and Seward (1987); Carranza and Hale (2002); Cloos 
and Sapiie (2013)

Structural control of ore 
mineralization

Sawkins (1990); Oliver and Bons (2001); Emsbo (2009)Pathway for hydrothermal fluids

Bell and Etheridge (1976); Berthé et al. (1979); White et al. 
(1980); Burg et al. (1984); Passchier (1984); Simpson (1985); 
Knipe (1989); Grujic et al. (1996); Brown and Solar (1998); 
Stipp et al. (2002); Warren and Hirth (2006); Skemer et al. 
(2009); Piazolo et al. (2012)

Microstructures in ductile shear 
zones

Deformation 
mechanisms, along-
strike/down-dip 
fault migration

Furlong et al. (2007); Vannucchi et al. (2010)Faulting and deformation mecha-
nisms at different depths

Scisciani et al. (2001); Leeder et al. (2008); Ehteshami-
Moinabadi (2013)

Along-strike/down-dip fault 
migration
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