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S U M M A R Y
We use data from 12 continuous GPS stations in southern Mexico, including eight new stations,
to better characterize transient slip episodes along the Mexican subduction zone. Continuous
GPS recording in Oaxaca that began 14 years ago, constituting the longest continuous GPS
record in southern Mexico, defines nine distinct episodes of transient slip from 1993 to 2007,
including previously unreported transient slip episodes in early 1995 and 2006. All transient
slip episodes recorded in Oaxaca City were also recorded at a GPS site ∼400 km away in the
state of Guerrero after measurements began there in early 1997, demonstrating that transient
slip affects widespread areas of southern Mexico. Well-recorded transients in 2004 and 2006
appear to have originated along the Oaxaca trench segment, hundreds of kilometres from the
potentially hazardous Guerrero seismic gap. During the 2004 slip transient, displacements of
more than 20 mm were recorded at stations in the Oaxaca GPS array, a factor of 2–3 larger than
at sites in Guerrero. Elastic half-space modelling of the 2004 displacements at sites throughout
southern Mexico indicates that most slip was focused beneath Oaxaca in deeper areas of the
subduction interface immediately downdip from previous megathrust rupture zones, but that
slip also may have extended significantly updip into a seismic gap along the Oaxaca coast. The
best-fitting model is also able to explain transient vertical offsets of up to 30 mm observed
during this event. Shortly before the onset of transient slip in 2004, a pair of moderate (M w 5.1,
5.5) earthquakes ruptured the downdip end of the seismogenic zone immediately east of the
Oaxaca seismic gap, suggesting a possible relationship between the two. In 2006, transient slip
began 1–3 months earlier in Oaxaca than in other areas, offering the clearest evidence to date
for the existence of one or more source regions for transient slip outside the Guerrero seismic
gap, where large amplitude transient slip originated in 2002. The still-limited data indicate
that transient slip that originates elsewhere in Mexico may trigger aseismic slip in Guerrero,
and further indicate that transient slip beneath Oaxaca is limited to areas of the subduction
interface that surround the rupture zones of previous large shallow-thrust earthquakes.
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1 I N T RO D U C T I O N

Most of the world’s seismicity, including the largest earthquakes,

is associated with interplate slip along convergent plate boundaries

(e.g. Isacks et al. 1968; Kanamori 1977). Continuous motion of

the converging plates produces tectonic loading of the locked seg-

ment of the plate interface, eventually leading to earthquake rup-

ture. Downdip from the seismogenic zone, temperature-controlled

rheology and friction allow smoother slip without producing earth-

quakes (e.g. Hyndman & Wang 1993). Such slip may be episodic

and could trigger an earthquake in the updip seismogenic zone (e.g.

Thatcher 1982; Linde & Silver 1989). Recent data from continu-

ous Global Positioning System (GPS) sites indicate that transient

aseismic slip occurs over large areas of the deeper subduction in-

terface (e.g. Dragert et al. 2001; Ozawa et al. 2002; Szeliga et al.
2004) and may extend updip into the seismogenic zone (Ozawa

et al. 2004, e.g. Yoshioka et al. 2004). If transient slip occurs pref-

erentially near seismic gaps, as appears to be the case in the Tokai

segment of Japan (Ozawa et al. 2002), it could influence the timing

and location of future subduction thrust earthquakes (Kodaira et al.
2004).

The Mexican segment of the Middle America subduction zone

(Fig. 1) has long been a key target for studies of seismogenesis along

a subduction interface due to its relatively rapid convergence rates
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Figure 1. (a) Map of study area. Squares indicate GPS stations employed in

this analysis. Shaded regions along Pacific coastline are approximate rupture

zones of large subduction thrust earthquakes over the past 50 yr as estimated

from locations of rupture aftershocks. GSG and OSG specify the Guerrero

Seismic Gap and Oaxaca Seismic gap, respectively. Arrows and parenthetical

numerals show Cocos-North America plate convergence velocities in mm

yr−1 (DeMets 2001). (b) North component of the GPS coordinate time-series

for INEGI station OAXA, 1993.5–2006.8. Shaded and solid circles show

24-hr and monthly location estimates, respectively. Vertical dashed lines

indicate onset times of transient motion. Line marked by asterisk indicates

onset of 2002 transient reported for the Guerrero seismic gap (Kostoglodov

et al. 2003). Monthly locations for site MD01 in Texas, in the stable plate

interior, are shown to illustrate the magnitude of likely random and other

noise that also affects the OAXA time-series.

(50–70 mm yr−1), small trench-to-coast distances, shallow subduc-

tion angles and a short earthquake cycle (30–100 yr) (Anderson

1989; Kostoglodov & Ponce 1994). In particular, the Oaxaca seg-

ment from 98.5◦W to 95.5◦W is distinguished by trench-to-coast

distances of less than 50 km, such that the seismogenic and transi-

tional zones of the subduction interface extend up to 250 km inland

from the coast and hence can be studied in detail with GPS. De-

veloping a better understanding of the earthquake cycle along the

Mexican segment of the Middle America trench is clearly impor-

tant because of the threat posed by subduction thrust earthquakes

to Mexico City, where more than 10 000 casualties and billions of

dollars of damage occurred during the devastating 1985 Michoacan

earthquake (e.g. Beck & Hall 1986).

A comparison of the cumulative seismic moment that has

been released by shallow subduction thrust earthquakes along the

Mexican subduction zone over the past century to that predicted

by a model in which all Cocos-North American plate conver-

gence is eventually released by such earthquakes shows that there

are significant variations in the degree of seismic coupling along

the Middle America trench (Pacheco et al. 1993). The segment

with the largest seismic slip deficit, located off the coast of the

Mexican state of Guerrero (GSG in Fig. 1), has accumulated enough

unrelieved elastic strain since the most recent earthquake in 1911

to unleash a shallow thrust earthquake of M w = 8.1–8.4 if all of

that slip were recovered in a single future earthquake (Suárez et al.
1990).

GPS measurements in southern Mexico, mostly at sites in the

state of Guerrero, have recorded aseismic slip transients in late

1995/early 1996, 1998 and 2002 (Lowry et al. 2001; Kostoglodov

et al. 2003; Larson et al. 2004) that appear to be focused near

the Guerrero seismic gap. Detailed studies of deformation before

and during these transient slip events show that they consist of

several-week-long to several-month-long periods during which GPS

site directions reverse from northeast-directed trench-normal elastic

shortening characteristic of interseismic strain buildup to trench-

ward motion, indicative of the release of interseismic strain (e.g.

Kostoglodov et al. 2003; Yoshioka et al. 2004). At station CAYA

within the Guerrero seismic gap, the improvement in fit of a model

that allows for transient slip events relative to the fit of a simple

linear-motion model is significant at very high confidence levels.

Modelling of static site displacements as large as 30 mm over a

several month period in 1998 and 50 mm during the 2002 tran-

sient indicates that the seismic energy released by the 1998 and

2002 transients has equivalent moment magnitudes of Mw = 6.5

and 7.4 (Lowry et al. 2001; Kostoglodov et al. 2003). Modelling

of the surface deformation measured during the 2002 transient also

suggests that some slip may have propagated far enough up the

subduction interface to relieve strain along its seismogenic portion

(Yoshioka et al. 2004), thereby raising the question of whether tran-

sient slip plays a role in modulating the earthquake cycle in this

region.

To date, most continuous GPS measurements in southern Mexico

region have been focused in the state of Guerrero, thereby leaving

large voids in our understanding of the source regions of these tran-

sients, the extent to which they propagate in space and time along

the subduction interface, and their physical causes. In this paper,

we combine new continuous observations from a six-station GPS

array in Oaxaca and a four-station array in the Mexican volcanic

belt with data from four existing GPS sites in Guerrero (Fig. 1)

to further examine and characterize episodic slow slip in south-

ern Mexico. Following brief descriptions of the data and methods

that are the basis for our analysis, we use a 13-yr-long continu-

ous time-series from station OAXA in southern Mexico to estab-

lish the frequency and timing of episodic slow slip in southern

Mexico since mid-1993 and further demonstrate a correspondence

between transient displacements recorded at sites OAXA in Oax-

aca and CAYA in Guerrero during 1997–2003. We next use the

GPS coordinate time-series analysis and elastic half-space mod-

elling to establish the existence, timing and magnitude of mo-

tion during a well-recorded transient slip episode in 2004. Fi-

nally, we present evidence and modelling of a slow slip episode

that was first recorded in Oaxaca in early 2006 and then recorded

2–3 months later at sites in Guerrero and the Mexican volcanic

belt.
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2 T H E M I D D L E A M E R I C A T R E N C H

S E I S M O G E N I C Z O N E , 1 0 1 – 9 5 ◦W A N D

A N A P PA R E N T OA X A C A S E I S M I C G A P

As part of our study of the source zone of transient slip in southern

Mexico, we recompiled the aftershock zones for large earthquakes

over the past 50 yr that have ruptured the Mexican subduction zone

from 101 to 95◦W, the approximate limits of our study area (Fig. 1,

Tajima & McNally 1983; Astiz & Kanamori 1984; Courboulex et al.
1997; Singh et al. 1997). The aftershock zones are confined largely to

areas of the subduction interface located offshore or beneath coastal

regions (Fig. 1), consistent with the suggestion by Suarez & Sanchez

(1996) that the general absence of large (M w > 8) earthquakes along

the Cocos-North America subduction interface reflects a possible

shallow (∼20 km) locking depth for much of the Middle America

trench.

Our recompilation confirms the rupture areas that are depicted

in numerous previous publications, with one exception, namely, an

apparent ∼50-km-wide seismic gap from 97.7 to 97.3◦W off the

coast of Oaxaca (Fig. 1). The primary evidence for the existence

of this apparent seismic gap comes from a Joint Hypocentral De-

termination of the aftershock sequences of the M > 7 1965, 1968

and 1978 earthquakes (Tajima & McNally 1983) which revealed a

∼5000 km2 area devoid of aftershocks between the 1968 and 1978

rupture zones. Our own examination of relocated hypocentres of

moderate (mb ≥ 5), teleseismically and regionally recorded earth-

quakes (Pardo & Suarez 1995; Engdahl et al. 1998; Engdahl &

Villasenor 2002) since 1964 also shows few earthquakes within this

particular region. Hereafter, we refer to this feature as the Oaxaca

seismic gap.

3 DATA A N D M E T H O D S

3.1 GPS observations and analysis techniques

The data used below come from GPS stations that have been installed

at various times since 1993 and are operated by different groups,

most with the objective of studying the tectonics and earthquake

hazards of Mexico. Data from station OAXA in central Oaxaca

(Fig. 1), which is operated by the Mexican federal agency INEGI,

span the period from mid-1993 to early 2002 and from early 2004 to

the present (2006.8). These constitute the longest continuous GPS

time-series of any near-trench station in southern Mexico (negotia-

tions are ongoing for access to data from the 2-yr gap between early

2002 and early 2004). Marquez-Azua & DeMets (2003) describe the

processing and results for OAXA and other INEGI data from times

before mid-2001, for which we have only 1 d of data per week. Daily

data from this station have been publicly available since mid-2004.

We also use new data from five GPS stations that we installed

in Oaxaca in 2001 and 2002 (OXES, OXLP, OXMC, OXPE and

OXUM). Two of these stations (OXLP and OXMC) are in remote

areas and have gaps in their time-series due to equipment and power

failures. New data from stations UIGF, UTEO, UTON and INEGI

site TOLU extend the station coverage to locations well inboard from

the trench. Finally, we also use data from stations CAYA, COYU,

CPDP and DOAR in Guerrero, all of which are public domain sites

within a broader GPS network operated by UNAM (e.g. Kostoglodov

et al. 2003).

We analysed all GPS code-phase measurements using GIPSY

analysis software, precise satellite orbits and clocks from the Jet

Propulsion Laboratory (JPL), and a standard point-positioning strat-

egy (Zumberge et al. 1997). Daily station coordinates were first esti-

mated in a no-fiducial reference frame (Heflin et al. 1992) and then

transformed to ITRF2000 (Altamimi et al. 2002) using daily seven-

parameter Helmert transformations from JPL. The raw coordinate

time-series exhibit daily scatter of 3–4, 4–6 and 9–11 mm for the

north, east and vertical components, respectively, and longer-period

noise with typical amplitudes of 5–10 mm in all components.

An analysis of the daily and longer-period noise at several hun-

dred GPS stations from the North American plate shows that the

noise is significantly correlated over intersite distances as far as

2000 km (Marquez-Azua & DeMets 2003). Following procedures

described by Marquez-Azua & DeMets (2003), we estimated and re-

moved spatially correlated noise from the coordinate time-series of

Mexican GPS stations using coordinate time-series for ∼700 ad-

ditional stations in North America, Central America and the

Caribbean. The corrected coordinate time-series have daily scat-

ter in their north and east components of 1.5–2 and 2.5–3 mm, re-

spectively, and long-period noise amplitudes of 3 mm or less. Only

sites external to southern Mexico and the Mexican Volcanic Belt

are used to estimate and remove the common-mode noise, thereby

preserving any tectonic transients that might be present in the coor-

dinate time-series for sites in southern Mexico. The common-mode-

corrected time-series for site MDO1 in the plate interior (Figs 1 and

2) illustrates that annual and other long-period departures from lin-

ear site motion have amplitudes of 2 mm or less. This presumably

non-tectonic noise establishes an approximate upper bound on the

smallest transient offset that we can hope to detect.

All station motions are described relative to the North American

plate interior, as defined by the motions of ∼350 continuous stations

that are located north of the Mexican Volcanic Belt and outside areas

of Canada and the northeastern United States that are affected by

postglacial rebound (Calais et al. 2006). The uncertainties in the

angular velocity vector that we use to transform the site velocities

from ITRF00 to a North American plate reference frame are tenths

of a millimetre per year at locations in Mexico and do not represent

a limiting factor in the analysis.

3.2 Estimation of transient slip characteristics from GPS

coordinate time-series

Following Lowry et al. (2001) and Larson et al. (2004), we esti-

mate cumulative station displacements during transient slip events

by fitting the GPS coordinate time-series with a function of the form

x(t) = x0 + V t + �n
i=1{Ui/2[tanh(t − T0i/τi ) − 1]} (1)

in which x(t) are GPS site coordinates at time t, x0 are coordinates

at a reference time, V is the steady-state velocity, Ui is anomalous

displacement during the ith of n transient events, T 0i is the median

time of the ith event, and τ scales the period over which the event oc-

curred. Once T 0 and τ are specified, the steady-state velocity V and

transient displacements Ui are estimated via a standard, weighted

least squares minimization procedure. The hyperbolic tangent fit

is used for mathematical convenience, but is unlikely to have any

physical significance for slow slip processes.

Following the work of Holtkamp et al. (2006), we automated

the procedure for identifying significant transients by undertaking

a grid search over T 0 and τ . For each pair of T 0 and τ , we apply

the hyperbolic tangent fit over a 12 month scrolling window incre-

mented at 0.01 yr, and use an F-ratio test to determine whether a

hyperbolic tangent curve fits the coordinate time-series significantly

better than does a linear fit at 99 per cent confidence within the win-

dow. We mark all events that exceed a threshold value for transient
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Figure 2. Time in years versus displacement for continuous GPS stations in southern Mexico spanning the 2004 transient slip episode. Steady motion of North

American plate is removed. Solid curves show hyperbolic tangent fits. Midpoint and width of shaded band represent best estimates of T 0 and τ from inversion

procedure described in Section 3. Transient magnitude at each site is determined from the offset of the red and blue lines. Site MDO1 (Fig. 1) is included to

demonstrate that the transients are not merely common-mode non-tectonic noise. (a) North component. (b) East component. The relative absence of transient

motion in the east component indicates that transient motion was dominantly southward. (c) North components of site motions at OXPE, DOAR and COYU

illustrating that the departure from background scatter (solid line) occurs ∼6 d after a pair of moderate earthquakes (dashed line) near OXLP (Fig. 3).

displacement, with the threshold value based on the average ampli-

tude of background noise (∼3 mm) that is present in the time-series

of stable sites located in the plate interior.

Significant gaps in measurements at several sites during the 2004

transient (Fig. 2) preclude a reliable assessment of where slip orig-

inated and how it propagated during that transient. We thus jointly

inverted the data from all the sites to estimate a common transient

midpoint T 0 and duration time τ , and individual transient displace-

ment amplitudes at each site. As can be seen from Fig. 2a, the

transient midpoints and duration times at different sites are approx-

imately the same in 2004. Small departures at individual stations

from constant values for these two parameters are unlikely to change

significantly our estimates of the amplitude of transient motion at

those sites, which are relatively insensitive to small errors in our

estimates of T 0 and τ . Estimating only these two parameters instead

of separate values of T 0 and τ at each at the 10 stations that were

recording in 2004 improves our estimates of the remaining param-

eters, including the amplitude of transient displacement at each site

that we use for our elastic half-space modelling. Uncertainties in the

displacement amplitudes for the north, east and down components

are estimated by using an F-ratio test to determine values for the

displacement amplitudes that give rise to least-squares misfits χ2 to

the GPS time-series that exceed χ 2 for the best-fitting model at the

1σ level.
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Figure 3. 3-D rendition of the subduction interface geometry used in modelling the slip distribution. The surface is constructed from the grid nodes where slip

is evaluated. Along-strike shape of fault is from the curvature of the trench, and dip of the fault is approximated from that of Kostoglodov et al. (1996). Slip

magnitudes shown on the subduction interface are the best-fitting solution for the 2004 slip event described later in the paper. Stars are locations of moderate

2004 January earthquakes that immediately preceded transient motions.

3.3 Estimation of the distribution of slow slip on the

subduction interface

We use finite element modelling and standard inversion techniques

to estimate the spatial distribution of slip along the subduction inter-

face during the slow slip events, assuming that surface deformation

associated with the slow slip represents elastic deformation that is

induced by slip along the subduction interface. The study area is

approximated using a 3-D finite element mesh that uses spherical

coordinates, a spherical earth geometry and incorporates the rela-

tively flat geometry of the Middle America subduction zone (Fig. 3)

described by Kostoglodov et al. (1996). The upper surface of the

mesh employs continental topography and seafloor bathymetry, and

the lower and lateral boundaries of the mesh are extended far enough

from the study area to avoid any modelling artefacts associated with

the mesh boundaries. The thicknesses and elastic properties for the

oceanic crust and upper-, middle- and lower layers of the continen-

tal crust are derived from the seismically based CRUST2 model

(http://mahi.ucsd.edu/Gabi/rem.dir/crust/crust2.html; Bassin et al.
2000).

We estimate the magnitude of slip at each of the m nodes

that define the subduction interface by solving the linear system

G m = d, where d is a 3n-element vector that contains the 3-D

transient offsets recorded at n GPS sites, m is a vector that contains

the best estimate of the slip at each node, and G is a 3n × m matrix

that specifies the 3-D elastic response at each GPS site to assumed

unit slip at each of the mesh nodes.

We calculate values for G using the commercial finite element

package ABAQUS. Separate data kernels for unit downdip (Gds)

and strike-slip (Gss) offsets were constructed initially to enable a

systematic search for the slip direction that best fits the observed

transient offsets. For a given rake angle φ that is defined relative

to the known strike of the trench, the total surface response G is

calculated as a sum of the two orthogonal kernels G = Gds sin φ +
Gss cos φ.

We define the best slip distribution by minimizing the least-

squares misfit χ2 in the presence of data uncertainties and imposing

smoothing constraints and a constraint that enforces uniform-sense

slip (downward motion of the oceanic slab) using the non-negative

least squares method (Lawson & Hanson 1974). We use the L-curve

criterion (Hansen 1992) to identify the smoothing coefficient that

optimizes the usual trade-off between the high misfits and oversim-

plified slip distributions that are associated with overly smoothed

solutions and the low misfits and unjustifiably complex slip distri-

butions that are associated with insufficiently smoothed solutions.

The fitting equation treats the smoothing constraints as pseudo-data

that augment the linear system, as follows:∣∣∣∣ WG

αF

∣∣∣∣ m =
∣∣∣∣ wd

0

∣∣∣∣ , (2)

where α and F are the smoothing coefficient and smoothing matrix,

respectively, and W is a squared diagonal matrix containing the

reciprocal of the data uncertainties.

4 L O N G - T E R M O B S E RVAT I O N S O F

T R A N S I E N T S L I P I N OA X A C A :

1 9 9 3 – 2 0 0 6

The only continuous GPS stations operating in Mexico before Jan-

uary of 1997, when station CAYA was installed along the Pacific

coast of Guerrero (Lowry et al. 2001), consisted of 15 GPS sites

operated by INEGI (Marquez-Azua & DeMets 2003). Of these, only

OAXA was located south of volcanic belt and was well positioned to

record transient slip associated with the subduction interface. Table

1 summarizes the results of a systematic examination of the 1993–

2006 coordinate GPS time-series at OAXA and other stations in

southern Mexico using the automated search algorithm described

in Section 3. Evidence for highly significant transient slip displace-

ments at OAXA exists for 1995, 1996, 1998, 1999, 2000, 2001,

2002 and 2006 (DeMets et al. 2004). Data from other sites in Oax-

aca during the 2002–2004 data gap at OAXA clearly show offsets

indicating that transient slip also occurred in 2004 (Section 5). In

addition, several millimetres of transient slip displacement may also

have occurred in early 1997 and the latter half of 2005, although we

are less confident about these due to their small amplitudes. No sig-

nificant transient slip displacement (>3 mm amplitude) occurred in

1994, 1997, 2003 and 2005. Transient slip displacements exceeding

3 mm thus failed to occur during 4 of the 13 yr that continuous

GPS observations have been made in Oaxaca. Slip displacements

during eight of the nine transient episodes began in December or

January. Slip in 1996 appears to have initiated in March. In all cases,

the direction of transient slip displacement was dominantly towards

the Middle America trench (upper maps in Fig. 4), consistent with a

protracted release of elastic strain related to subduction.
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Figure 4. Comparison of GPS displacements in Oaxaca (OAXA) and Guerrero (CAYA) from 1997 to 2003. Lower panel shows continuous GPS time-series

for the north component and best-fitting hyperbolic tangent curves for transient episodes. T 0, the transient midpoint, is marked for CAYA by the vertical

dashed lines. OAXA time-series employs daily location estimates and CAYA time-series employs a five-sample running mean. Upper panels display transient

displacements for each station based on best hyperbolic tangent fits to north and earth time-series for each transient episode. Site motions are specified relative

to the North American plate.

The OAXA time-series thus contains the first evidence for a for-

merly unknown transient slip episode in early 1995 and confirms

the existence of transient slip in late 1995 or early 1996 that is pos-

tulated by Larson et al. (2004) from campaign GPS observations

from Guerrero. An analysis of these transient displacements in the

context of the motions of the other INEGI sites during these times

is reserved for a future paper.

Fig. 4 summarizes the motions of sites CAYA in Guerrero and

OAXA in Oaxaca for the period from 1997 to 2003, during which

relatively complete data are available for both sites. Despite the

380 km distance between these two stations, their time-series exhibit

a clear correspondence between the transient movements that oc-

curred annually from 1998 to 2002. Apparent transient slip recorded

at CAYA in early 1997 also appears to have occurred at OAXA at

the same time (Fig. 1b), but the ∼2 mm offset at OAXA falls below

the cut-off threshold that we adopted for our automated search algo-

rithm. Together, these time-series illustrate that slow slip events are

common in southern Mexico and a major feature of the signal in the

earthquake cycle. This reinforces conclusions reached previously

by Kostoglodov et al. (2003), Larson et al. (2004) and Franco et al.
(2005).

A final notable feature of the motions of sites CAYA and OAXA

is the tendency for their transient motions to point towards a location

somewhere east of the Guerrero seismic gap, as is shown in the upper

panels of Fig. 4. Motions during the 1998, 1999, 2000 and 2001

transient slip episodes all show this pattern. Only the well-described

2002 transient slip episode was uniformly to the south–southwest

(Kostoglodov et al. 2003; Yoshioka et al. 2004) and almost certainly

originated immediately downdip from the Guerrero seismic gap. The

patterns of deformation prior to 2002, though based on the motions

of only two stations, raise the question of whether transient slip in

1998–2001 originated somewhere east of the Guerrero seismic gap.

We next explore this hypothesis in more detail using data for the

better-recorded transient slip episodes that occurred in 2004 and

2006.

5 T R A N S I E N T S L I P I N 2 0 0 4 :

O B S E RVAT I O N S , M O D E L L I N G

A N D R E S O L U T I O N

5.1 Deformation pattern and timing

Between January and March of 2004, the coordinate time-series

for 10 GPS stations that were operating in southern Mexico and the

Mexican Volcanic Belt show clear reversals in their direction of mo-

tion, consisting primarily of southward motion towards the Middle

America subduction zone (Figs 2a and 5) and negligible uplift along

the Oaxacan coast increasing to as much as 49 ± 5 mm in its moun-

tainous interior (Fig. 6). Fitting the time-series of the 10 stations

that recorded the 2004 transient using (1) and procedures described

in Section 3 yields slip displacements of 5–25 mm (Figs 2 and 5),

with maximum slip displacements that are factors of 3–5 larger at

sites in Oaxaca than in Guerrero and the distant Mexican Volcanic

Belt (Table 1). This is unlike the patterns of transient deformation

recorded in 1998 and 2002 (Fig. 4, Lowry et al. 2001; Kostoglodov

et al. 2003), when the transient displacements in Guerrero exceeded

those in Oaxaca. Data from GPS station PINO in western Oaxaca

(Lowry 2006) also show the 2004 transient and suggest a slip dis-

placement that is intermediate between that recorded at the sites in

Oaxaca and Guerrero (Fig. 5).

Our analysis of the continuous time-series at site OXPE in Oax-

aca indicates that transient motion began at 2004.07 (Table 1), the
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Figure 5. Transient displacements during the 2004 episode determined from hyperbolic tangent fits to the continuous GPS time-series that are shown in

Fig. 2. Motions at UNAM proprietary sites PINO and OAXA∗ are from Lowry (2006). The offset at INEGI site OAXA is not available for this time due to a

data gap (Fig. 1). Coloured background shows an interpolated fit to the displacement distribution, which increases towards the Oaxaca seismic gap. Stars are

locations of moderate 2004 January earthquakes that immediately preceded transient motions.
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same within uncertainties as when motion began at stations COYU

and DOAR in Guerrero (Fig. 2c). The lack of any apparent time

progression in the onset of transient motion at sites in Oaxaca and

Guerrero thus leaves the issue of where transient slip first originated

open for debate. In Section 7.1, we discuss in more detail potential

scenarios and two lines of evidence, neither conclusive, that sug-

gest transient slip may have originated outside the Guerrero seismic

gap.
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Figure 7. (a) Observed (blue arrows) and estimated (open arrows) offsets

during the 2004 transient slip event with 2-D, 1σ uncertainties. Inset shows

weighted least-squares misfit χ2 as a function of the assumed slip direction

during the transient. Dashed line indicates Cocos-North America conver-

gence direction predicted by plate circuit closures (DeMets 2001). (b) Lo-

cation and magnitude of transient slip along the surface projection of the

subduction interface depicted in Fig. 3. Dashed lines enclose approximate

rupture zones of previous large earthquakes, and triangles indicate locations

of GPS stations that recorded the 2004 transient slip event.

5.2 Preferred slip distribution for the 2004 transient event

Fig. 7 summarizes the results for our inversion of the 2004 transient

offsets using techniques described in Section 3.3. Repeated inver-

sions for the best overall slip direction (Fig. 7a inset) yields a best

direction of N15◦E, with minimal trade-off between the estimated

slip direction and the smoothing coefficient. This direction is reason-

ably consistent with the N33◦E Cocos-North America convergence

direction predicted from plate circuit closures (DeMets, 2001). Fits

to the horizontal site offsets (Fig. 7a) are typically within the 2-D,

95 per cent uncertainties that we estimate from our hyperbolic tan-

gent fitting. The good fit to the vertical offsets (Fig. 6), which have

little influence on the best-fitting solution due to their large uncer-

tainties, is encouraging and serves as a semi-independent check on

the validity of the solution. We investigated the influence of the un-

certainties we assigned to the transient offsets by re-inverting the

data with more uniform ±1, ±2 and ±4 mm standard errors for

the north, east and vertical components of the offsets. The resulting

alternative slip distribution (not shown) is remarkably similar to the

best-fitting solution (Fig. 7b), indicating that the latter is relatively

robust with respect to the relative data weights.

Our preferred slip distribution (Figs 3 and 7b) places most aseis-

mic slip (∼180–220 mm) near the Oaxaca GPS stations along the

transitional slip zone downdip from the 1978 earthquake rupture

zone, with additional but lesser slip (∼100–150 mm) extending to

shallow regions near the Oaxaca seismic gap. Remarkably, the area

of transient slip along the subduction interface extends to the esti-

mated downdip and western edges of the 1978 earthquake rupture

zone, but does not extend into it. Measurements at GPS stations

OXLP and OXMC (Fig. 7a), which are located above the downdip

limit of the 1978 rupture zone, require the transient slip at 97◦W

to be located deeper than the 1978 rupture zone. Similarly, shallow

transient slip from 97.7◦ to 97.3◦W between the eastern limit of the

1968 earthquake rupture zone and western edge of the 1978 rupture

zone is required and constrained in location by measurements at

sites PINO, OXLP and OXPE. The transient slip that occurred dur-

ing the 2004 slow slip event was equivalent to the release of 2–3 yr

of accumulated Cocos-North America plate convergence at a rate of

70 ± 5 mm yr−1 (DeMets 2001). The equivalent moment magnitude

of transient slip in this region is M w = 7.3.

The slip described above induces only a minimal (submillimetre)

elastic response at sites TOLU, UIGF, UTEO and UTON in the

volcanic belt, much smaller than their observed transient motions

of 5–10 mm (Figs 2 and 5 and Table 1). In order to fit these distant

and yet significant offsets, the inversion places smaller isolated slip

patches offshore at 99◦–98◦W and beneath the Mexican volcanic belt

at the northwest corner of the modelled slip area. The sparse network

geometry in 2004 for areas outside Oaxaca severely limits our ability

to resolve slip patches outside of Oaxaca. We therefore, suspect that

the region of apparently high slip at the northwest corner of the

subduction interface, deep beneath the Mexican volcanic belt, is a

likely artefact of the sparse station distribution. Forward modelling

exercises in which we replace the isolated slip patches shown in

Fig. 7b with lower magnitude slip (10–20 mm) over a much broader

area of the subduction interface between the volcanic belt and the

Oaxaca GPS network fit the observed transient offsets for sites in

the volcanic belt nearly as well.

Our preferred slip distribution thus consists of (1) slip along a

transitional zone that extends ∼100 km parallel to the trench and

∼50 km downdip, (2) additional shallower slip in the Oaxaca seis-

mic gap and (3) lesser, more poorly resolved slip that affected the

remaining subduction interface. A discussion of the possible im-

plications of shallow aseismic slip in the Oaxaca seismic gap is

reserved for Section 7.

6 T R A N S I E N T S L I P I N E A R LY 2 0 0 6 :

E V I D E N C E F O R S L I P I N I T I AT I O N

I N O R N E A R OA X A C A

The GPS coordinate time-series for 10 stations in southern and cen-

tral Mexico show that significant transient motions began in early
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Figure 8. North (left-hand side) and east (right-hand side) components of continuous GPS time-series from various sites illustrating transient deformation

during the 2006 episode. Red curves show hyperbolic tangent fits, with grey area and vertical black line showing τ and T 0, respectively. Blue curves show

linear fits before the transient occurs. The north component of the time-series (left-hand side) clearly shows an earlier onset for sites OAXA, OXPE and to a

lesser degree, OXES and OXUM in Oaxaca than at sites in Guerrero (COYU, CPDP and DOAR) and in the Mexican volcanic belt (TOLU, UIGF and UTEO).

Layout is similar to Fig. 2, but with five-sample running mean applied. Site motions are specified relative to the North American plate.

2006 (Figs 8–10) and were still occurring at sites in Guerrero as of

2006 mid-September. Sections 6.1–6.3 describe initial observations

of this complex transient for sites in Oaxaca and Guerrero, with

the primary focus on the evidence that this slip transient originated

outside the Guerrero seismic gap. Modelling of the space–time his-

tory of slip along the subduction interface using Network Inversion

Filter software (Segall & Mathews 1997; McGuire & Segall 2003)

is deferred to a future paper.

6.1 Deformation pattern and timing

Significant transient motions were first recorded at stations OAXA

and OXPE in the first week of January in 2006 (Table 1, Figs 8–10)

and was followed by the onset of transient motions at progressively

later times at stations farther away (Figs 8 and 10). Total slip dis-

placements at all four sites in Oaxaca were 10–20 mm (Figs 8–10),

with the most motion occurring at the site farthest from the trench

(OAXA).

Fig. 9 shows a time-series of monthly average locations for sites in

Oaxaca relative to the North American plate interior (Fig. 9a) and

after removing the contribution of long-term steady interseismic

strain (Fig. 9b). All four Oaxacan sites that were recording during

this period moved northeast towards the plate interior from early

2005 until August of 2005, representing the influence of steady

or near-steady strain accumulation from locked areas of the sub-

duction interface. During September and October of 2005, the di-

rection of motion at three of the four sites (OAXA, OXES and

OXPE) changed ∼90◦ counter-clockwise, to the northwest. The

reason for this change is unknown, although a M w = 5.8 earth-

quake on 2005 August 14 ruptured the subduction interface close

to site PINO and immediately west of the Oaxaca GPS network just

weeks before the observed westward change in site motions. Dur-

ing November and December of 2005, site OAXA moved gradually

westward and then began moving rapidly southward in early 2006

(Fig. 9b).

The surface deformation that occurred in response to the transient

slip in early 2006 was dominated by southward motion of the GPS

sites towards the trench (Figs 9b and 10). Transient motion at OAXA

ended by late March of 2006, indicating that transient slip lasted

for ∼3 months in this region (Table 1). Transient motion at sites

OXPE, OXES and OXUM ended progressively later, but had similar

event durations (Table 1). Displacements at sites OAXA, OXPE and

OXUM ended by April of 2006, but appear to have continued up

until at least June of 2006 at OXES.

Transient motion at sites in Guerrero and the volcanic belt first

occurred at site COYU in early to mid-March of 2006 (Table 1 and
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Figure 9. GPS station displacement time-series for the period 2005.0–2006.8. Colour scale at upper right-hand side specifies time-progressive colour coding

along the site paths. Each point shows the 30-d-mean location for a given site, with initial site locations offset for clarity. Motion of site MDO1 in southern

Texas is indicative of the noise in the monthly average locations. Site paths rely on same data as are shown in Fig. 8. (a) North American plate motion is

removed from the motion of each site—sites thus generally move northeastward through time towards the plate interior due to elastic strain accumulation from

the Middle America trench. (b) Steady northeastward strain accumulation at each site is removed to accentuate the transient motion.

Figs 8–10) and was followed within 1 month by the initiation of

transient motion at other sites in Guerrero and the volcanic belt.

During the year that preceded the 2006 transient, the motions of the

sites in Guerrero and the volcanic belt were generally northeastward

towards the plate interior (Fig. 9a) at rates that decreased with in-

creasing distance from the Pacific coast (Fig. 8). Site motions during

the slip transient included small, but significant eastward compo-

nents at two of the three coastal sites in Guerrero (CPDP and DOAR

in Figs 9b and 10). Transient displacements varied from 20–30 mm

at coastal sites COYU and DOAR to 5–10 mm at sites in the volcanic

belt (Fig. 8), with the former representing minimum displacement

estimates given that transient motion at the coastal sites in Guerrero

had not yet ceased at the time we completed our analysis.

Based on the onset times of transient motion described above,

slow slip in the Oaxaca region began ∼2.5 months earlier than

slow slip in Guerrero and the volcanic belt. Site motions in Oaxaca

were generally towards the south–southwest, whereas site motions in

Guerrero were generally towards the south–southeast to southeast

(Fig. 10). The temporal pattern defined by the onset of transient

displacements (Fig. 10) suggests that slip originated somewhere be-

neath or near Oaxaca. The later onset of deformation at site OXUM

at the eastern edge of the Oaxaca network suggests that transient slip

propagated to the east. Whether slip also propagated westward and

triggered later transient motion at sites in Guerrero and the volcanic

belt is unknown given the lack of public domain data from GPS

stations between Oaxaca and Guerrero.
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Figure 10. Vector displacements and timing of the 2006 transient episode from hyperbolic tangent fits to GPS coordinate time-series shown in Fig. 9. Site

motions are specified relative to the North American plate.

6.2 Preferred slip distribution for the 2006 transient event

Given that the 2006 transient event ended in Oaxaca by mid-2006,

we inverted the offsets from the four Oaxacan stations (Fig. 11a)

that were operating during this transient to estimate the approxi-

mate location and magnitude of the transient slip, assuming once

again that the slip originated along the subduction interface. The

optimal slip direction in 2006 (inset to Fig. 11a) was the same as

that for the 2004 transient event, and the slip during both events was

located between the Pacific coast and inland site OAXA. The slip

distributions and maximum slip magnitudes however differ substan-

tially. We attribute these differences to the poorer station coverage in

2006, particularly at stations OXLP and OXMC, where our Ashtech

receivers both suffered hardware failures. Without measurements

from these two sites, the deformation gradient between OAXA and

the coast is poorly constrained and our ability to resolve the location

of slip along the subduction interface is significantly impaired. This

specific example underlines the need for improved continuous GPS

site coverage south of the Mexican volcanic belt.

7 D I S C U S S I O N A N D

I N T E R P R E TAT I O N S

7.1 Evidence for the origination of transient slip in or near

Oaxaca

The results reported above expand the spectrum of observed episodic

slip behaviour in southern Mexico in several respects. Transient slip

in 2006 began two or more months earlier in Oaxaca, demonstrat-

ing that transient slip can originate along the subduction interface in

areas hundreds of kilometres from the Guerrero Seismic Gap. The

evidence that the 2006 event initiated outside of Guerrero and may

have triggered moderate-to-large amplitude transient slip near the

Guerrero Seismic Gap months afterward expands the range of po-

tential triggers for eventual large subduction thrust earthquakes in

Guerrero and elsewhere along the Middle America trench, provided

that slow slip events are capable of triggering seismogenic slip at

shallower depths.

In 2004, the near simultaneity of the onset of transient motions

at sites in Oaxaca and Guerrero precludes a simple determination

of where that transient slip originated. Two observations however

suggest that transient slip may have originated close to Oaxaca or

possibly within the Oaxaca seismic gap. The onset of transient mo-

tions in 2004 was preceded only 3–6 d earlier (Fig. 2c) by a pair

of moderate (M w 5.1, M w 5.5) earthquakes that occurred 1.5 hr

apart on 2004 January 13 at a depth of ∼26 km (Engdahl et al.
1998; Engdahl & Villasenor 2002, and subsequent updates). A pro-

jection of the earthquake hypocentres onto the subduction interface

(Fig. 3) places these two earthquakes near the downdip end of the

seismogenic zone, close to the eastern edge of the Oaxaca Seismic

Gap. The GPS site closest to these epicentres, OXLP (Fig. 5), is lo-

cated only 10 km WNW of the earthquake epicentres and recorded

larger transient motions in 2004 than the other nine stations where

this transient was recorded. The timing of these two earthquakes

with respect to the onset of transient motions, their locations near the

downdip edge of the seismogenic zone, and the proximity of the re-

gion of greatest transient surface deformation to the two earthquake
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Figure 11. Inversion results for the 2006 transient slip event. Layout is as in

Fig. 7. (a) Observed and estimated offsets with uncertainties. (b) Location

and magnitude of transient slip. Triangles indicate locations of GPS stations

in the Oaxaca region that are inverted for the 2006 transient slip event.

epicentres suggest that these earthquakes played a role in trigger-

ing transient slip. If true, this indicates that transient slip originated

close to the Oaxaca Seismic Gap and either propagated rapidly out-

ward or induced stress changes along the transitional area of the

subduction interface in Guerrero that enabled the onset of transient

slip there.

Alternative scenarios for the near-simultaneous initiation of slow

slip in 2004 (aside from sheer coincidence) include that the two

events were initiated near-simultaneously by the same trigger, or

the slip propagated extremely rapidly along strike. The rapid propa-

gation scenario would be more similar to that of an earthquake, quite

different from what has been reported for episodic tremor and slip

in other subduction zones where correlated GPS and seismic signals

suggest slow slip propagates at ∼10 km d–1 (Obara 2002; Rogers

& Dragert 2003). While we cannot currently distinguish between

these scenarios, recently installed seismic networks in Guerrero and

Oaxaca have recorded non-volcanic tremor (Brudzinski et al. 2007;

Payero et al. 2007), whose source locations should provide an indi-

cator to help distinguish where slow slip is originating. Identifying

whether the initial part of the episode is localized should provide

a better understanding of how ETS initiates and what controls its

origin.

Observations at stations CAYA and OAXA for annual slip tran-

sients from 1998 to early 2001 (Fig. 4) yield transient motions that

point towards the region between Guerrero and Oaxaca. Only the

large-magnitude 2002 transient slip event clearly originated in Guer-

rero (Kostoglodov et al. 1996; Yoshioka et al. 2004). Together, these

results suggest that transient slip in southern Mexico frequently orig-

inates outside the Guerrero seismic gap. Although the available data

are still too limited in space and time to determine whether transient

slip originates in a limited number of source regions outside of

Guerrero or whether the conditions for the initiation of slow slip

exist widely along the downdip, frictionally transitional areas of

the Cocos-North America subduction interface, we favour the latter

proposition. Such a hypothesis is supported by a growing number

of observations of slow slip from other subduction zones (Douglas

et al. 2005; Brudzinski & Allen 2006; Ohta et al. 2006; Pritchard

& Simons 2006; Wallace & Beavan 2006).

7.2 Timing and recurrence of transients

Based on the long GPS time-series at site OAXA and data from

nearby continuous sites in Oaxaca, significant transient slip appears

to have occurred nine or possibly 10 times (depending on the de-

tection threshold we adopt) during the 13 yr for which we have

data (Fig. 1). In the years that transient slip occurs, its timing has

been remarkably predictable, with 9 of the 10 slip episodes begin-

ning in either December or January. The onset of transient mo-

tions at OAXA bears no obvious relationship to variations in fault-

normal and fault-parallel stresses that are modulated by Chandler

wobble (Shen et al. 2005), which instead act on a 14 month cycle.

Using calculated variations in the tensional fault-normal compo-

nent of stress and thrust-inducing fault-parallel stress component

induced by pole-tides, Shen et al. (2005) show that the 1998 and

2002 transient events in Guerrero both coincided with the ascend-

ing phase of fault-parallel shear stresses. In contrast, the transients

measured in Oaxaca in early 1998 and 1999 occurred during a pe-

riod of descending pole-tide stresses, contrary to the hypothesis that

pole-tides trigger these transients. Moreover, the transient in 2000

occurred during a minor peak in the stresses. Only the transient

that occurred in late 2001/early 2002 clearly occurred during a pe-

riod when the components of stress conducive to fault slip were

increasing.

Using data from different GPS stations in Mexico, Lowry (2006)

has independently concluded that transients in this region are not

strongly correlated to stress variations induced by pole tides and

instead proposes that annual variations in the surface water load

in southern Mexico can be invoked to explain the timing of most

transients in that region and possibly elsewhere. The remarkable

regularity of the onset of transient motions at site OAXA in Jan-

uary and hence 12-month periodicity in southern Mexico supports

Lowry’s hypothesis.
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7.3 Evidence for disjoint areas and times of seismogenic

and transient slip

Evidence that slow subduction slip events occur in the previously

hypothesized frictional transitional zone downdip from the seis-

mogenic zone (e.g. Dragert et al. 2001) has led to suggestions

that transient slip episodes might rapidly load the subduction in-

terface updip and hence potentially trigger large thrust earthquakes

(Mazzotti & Adams 2004). Our results contribute new information

to our still incomplete understanding of the spatial and temporal rela-

tionship between slow slip events and large subduction earthquakes.

In the temporal domain, nearly all slow slip episodes in southern

Mexico since the mid-1990s have initiated in either December or

January. Assuming that this was also the case in the past, which

follows from Lowry’s (2006) hypothesis that 12-month periodicity

is caused by annual variations in the surface water load, then both

the M = 7.3, 1968 August 2 and the M = 7.6, 1978 November 29

Oaxaca earthquakes occurred months after the presumed initiation

of any slow slip in 1968 and 1978. These observations suggest that

transient slip does not cause seismogenesis over timescales as short

as days to weeks, as might be expected if transient slip episodes

created velocity perturbations along the subduction interface that

triggered frictional instabilities and hence rupture in the velocity-

weakening, updip areas of the subduction interface. The available

evidence, namely that a pair of moderate (M w 5.1, 5.5) earthquakes

ruptured the downdip end of the seismogenic zone immediately east

of the Oaxaca seismic gap shortly before the onset of transient slip

in 2004, suggests the converse, that earthquakes are capable of trig-

gering slow slip over short timescales.

Our results are more definitive regarding the separate source ar-

eas of slow slip episodes and megathrust earthquakes. The lack of

overlap between the region of transient slip in 2004, as estimated

from our inversion (Fig. 7b), and the limits of seismic slip during

shallow-thrust earthquakes, as estimated from contemporary seis-

mic observations, strongly suggest that these processes occur in

separate but adjacent areas. The best-constrained area of slow slip

in 2004 curls remarkably around the edge of the 1968 rupture zone

and halts at the edge of the 1978 rupture area, near the tip of the

1996 rupture zone. Slow slip thus does not appear to be limited

to a deeper, depth-limited zone of transitional frictional properties,

but also appears to accommodate some fraction of the plate conver-

gence along parts of the subduction interface that surround former

megathrust rupture zones.

The apparent extension of aseismic slip in 2004 to seismogenic

depths in the Oaxaca seismic gap (97.7◦–97.3◦W in Fig. 7b) raises

the question of whether shallow transient slip in this area accommo-

dates enough of the plate convergence to preclude major thrust earth-

quakes. If so, the Oaxaca seismic gap would either arrest or slow

down the along-strike propagation of shallow-thrust earthquakes

that originate northwest or southeast of the seismic gap, thereby

limiting the potential moment release of earthquakes in this area.

Better station coverage is needed to confirm whether transient slip

is occurring at such shallow depths. Identification of non-volcanic

tremor source locations with new seismic networks should also help

to distinguish where slow slip is originating.

7.4 Comparison to slip transients in Cascadia

Finally, we briefly discuss the different characters of transient slip

observed in southern Mexico and Cascadia. Typical maximum sur-

face displacements in Mexico are ∼20–50 mm (Lowry et al. 2001;

Kostoglodov et al. 2003; Larson et al. 2004), roughly an order-of-

magnitude larger than has been recorded in Cascadia (e.g. Dragert

et al. 2001; Miller et al. 2002; Szeliga et al. 2004). In addition,

transient slip may have included parts of the seismogenic zone in

Guerrero in 2002 (Iglesias et al. 2004; Yoshioka et al. 2004) and in

Oaxaca in 2004, as reported above. In contrast, no evidence has yet

been found for the updip propagation of slow slip into the seismo-

genic zone of Cascadia.

We surmise that the significantly larger transient slip measured in

Mexico relative to that recorded in Cascadia is at least partly related

to the differing subduction geometries and tectonic settings of these

two regions. Trench-normal convergence rates in southern Mexico

range from 55 to 75 mm yr−1, approximately a factor of two faster

than along the Cascadia subduction zone. Relatively flat subduction

occurs beneath large areas of southern Mexico (Pardo & Suarez

1995), placing large areas of the subduction interface at thermal

conditions potentially conducive to transitional frictional behaviour

(Manea et al. 2004). In comparison to Cascadia, where subduction

occurs at a steeper angle, significantly more (by a factor or two

or more) elastic strain is recharged annually by frictional coupling

across transitional areas of the Mexican subduction interface and is

thus available for release by transient slip.

8 C O N C L U S I O N S

Data from 12 continuous GPS stations in southern Mexico define

nine distinct episodes of transient slip from 1993 to 2007, includ-

ing previously unreported transient slip episodes in early 1995 and

2006. Transient slip in southern Mexico affects widespread areas

considering that all transient slip episodes recorded in Oaxaca City

were also recorded at a GPS site ∼400 km away in the state of

Guerrero after measurements began there in early 1997.

For the 2004 slow slip event, displacements of more than 20 mm

were recorded at stations in the Oaxaca GPS array, a factor of 2–3

larger than at sites in Guerrero and the Mexican Volcanic belt, de-

spite similar onset times. Elastic half-space modelling of the 2004

displacements indicates that most slip was focused beneath Oaxaca

in deeper, presumably non-seismogenic areas of the subduction in-

terface, but that slip also may have extended significantly updip into

a seismic gap along the Oaxaca coast. The best-fitting model is also

able to explain transient vertical offsets of up to 50 mm observed

during this event. Shortly before the onset of transient slip in 2004,

a pair of moderate (M w 5.1, 5.5) earthquakes ruptured the downdip

end of the seismogenic zone immediately east of the Oaxaca seis-

mic gap, suggesting a possible relationship between the two. The

close correspondence between the updip and western edges of the

zone of transient slip along the subduction interface and the edges

of the 1978 earthquake rupture zone suggest that there are downdip

and along-strike limits on the geographic extent of seismic rup-

ture and hence seismic moment release for a single shallow-thrust

earthquake in this region. More data and better station coverage are

needed to confirm whether transient slip extends to shallow depths

in the Oaxaca seismic gap.

In 2006, transient slip began 1–3 months earlier in Oaxaca than

in other areas, providing the best evidence to date for the existence

of source regions for transient slip outside the potentially hazardous

Guerrero seismic gap, where large amplitude transient slip origi-

nated in 2002. An inversion of offsets in 2006 for four sites that

were active at the time indicates that the transient slip was focused

along the subduction interface between the coastal GPS stations and

inland site OAXA, similar to 2004. A more precise determination
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of the slip location is however severely limited by the poor station

geometry in 2006, a situation now being rectified by the installation

of additional continuous sites in southern Mexico.
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