1) Project Title 
An integrated geodetic approach for understanding the mechanics of the North Anatolian fault seismic cycle, the rheology of the Anatolian lithosphere and northern Turkey’s regional seismic hazard.

2) Brief abstract (limited to 250 words) Provide a brief summary of the proposed project. 
Using Global Positioning System (GPS) measurements and Interferometric Synthetic Aperture Radar (InSAR) observations the Geodesy and Geodynamics (GG) group from the Earth Atmospheric and Planetary Sciences (EAPS) at the Massachusetts Institute of Technology (MIT) and the University of Montpellier II Geosciences Montpellier (GM) group from France propose to jointly develop solutions for rigorously integrating high precision temporally dense GPS measurements with spatially dense InSAR observations of crustal deformation to constrain numerical and analytical models of the seismic cycle of the North Anatolian fault (NAF) in Turkey. Developing models that improve our understanding of the NAF seismic cycle, that is, models that describe how seismic energy is accumulated and then released on the NAF both in time and in space, are important as they bear directly on the problem of estimating and mitigating the hazard associated with devastating earthquakes. In just the last century alone a sequence of 8 extremely destructive earthquakes with magnitudes >7.0 occurred on the NAF, costing the lives of over 50,000 residents and causing billions of dollars in property damage. Of critical concern is an approximately 200 km stretch of the NAF in very close proximity of Istanbul, Turkey’s most populous city (with over 10 million residents). This portion of the NAF has not ruptured in this latest earthquake sequence. Understanding the characteristics of this fault segment and developing models for how the rapid post-seismic deformation associated with the 1999 Izmit/Duzce earthquake are effecting this hazard are of imminent and vital importance.
3) Description of collaboration (if applicable) Provide a brief history of the collaboration and describe how your work is complementary.

4) Description of the proposed project and/or research (2,500 words maximum)
Overview
The major objective of the MIT - U. Montpillier research collaboration proposed here is to develop strategies for combining synergistic GPS and InSAR geodetic measurements of crustal deformation to constrain models of the seismic cycle. GPS observations provide temporally dense (daily resolution) highly precise (sub mm/yr) measurements of crustal deformation at discrete locations on the Earths surface. While SAR observations provide spatially dense ( up to 20 meter resolution) precise (1-5 mm/yr) measurements at approximately monthly intervals. By combining the measurements made by these two techniques and rigorously accounting for their inherently different error spectrums we will be able to better constrain models that describe the rheology and mechanics of continental deformation. Specifically these models will enable us to make more accurate estimates of the seismic hazard from earthquakes occurring on the NAF. Figure 1 shows the 20th century sequence of devastating earthquakes that propagated across the region we propose to study.

Together the high temporal and spatial resolution of the combined GPS/InSAR deformation field will provide a detailed view of how strain (and stress) is accumulated in the lithosphere (crust and upper mantle) as a function of space and time, and similarly how accumulated strain (and stress) is released during and following earthquakes. This work combined with ongoing research on the related questions of the forces driving/resisting tectonic plate motions, and the rheology of the continental lithosphere will enable us, and others to characterize in more detail regional earthquake probabilities leading to better targeted and cost effective mitigation efforts by policy makers.

Objectives
Specific objectives of the research we proposed here include, 1) develop strategies for rigorously combining GPS and InSAR measurements and their associated variance/covariance information to create a comprehensive 4D map of crustal deformation with well characterized uncertainty estimates for the region adjacent to the NAF, 2) develop and test physical models for the mechanics of faulting and crustal/uppermantle rheology that are consistent with the observed strain associated with all phases of the NAF earthquake cycle. We will begin by developing analytic and semi-analytic models that provide insight into the extent to which afterslip and variable fault properties can account for observed deformation throughout the entire earthquake seismic cycle, extending the study of Ergintav et al. (2009). Additionally, we will use numeric models to explore a wider range of geometries and rheologies than the analytic models can allow. We will use our 3-D finite element code (Chery et al., 2001) constrained by our estimates of cosesimic fault slip (e.g., Feigl et al., 2002, Burgmann et al., 2002), interseismic tectonic loading (Reilinger et al., 2006; this proposal) and postseismic relaxation (Ergintav et al., 2009; this proposal) to determine the suite of realistic lithospheric rheologies, and fault parameters that are admissible (e.g., Provost and Chery, 2006). The advantage of 3D finite element models is that they allow the simple implementation of the numerous rheologies and fault geometries that honor the known structure of the lithosphere (from seismology and other geophysical data). As stated, these model-based inferences are most often non-unique, and thus instead of providing a single preferred model, will define a range of models and parameters consistent with the observations.
Prior research

MIT 

Studies by researchers in and students from the GG group at MIT have predominantly focused on refining the technology and software for producing precise GPS measurements of crustal deformation and kinematic models of observed crustal deformation. This research has provided strong constraints on the character of strain accumulation prior to the Izmit-Duzce earthquake sequence late in the earthquake cycle (i.e., the distribution of pre-earthquake strain accumulation across the coseismic fault; Reilinger et al., 2000, Meade et al., 2002, Reilinger et al., 2006), the distribution of coseismic slip on the fault (i.e., Reilinger et al., 2000, Feigl et al., 2002, Burgmann et al., 2002), and the spatial and temporal character of deformation during the first few years following the earthquake sequence (e.g., Reilinger et al., 2000, Ergintav et al., 2002, Hearn et al., 2002b, Ergintav et al., 2009, Hearn et al., 2009).  Because much of our proposed research builds on these earlier results, we review them briefly below.
Pre-, Co-, and Early Post-Seismic Deformation of the Izmit-Dizce Earthquake Sequence 
Figure 1 shows the location of the Izmit-Duzce earthquake sequence within the context of the 20th Century sequence of earthquakes that ruptured almost the entire NAF (excluding the seismic gap in the Marmara Sea).  Figure 2 (top) shows the observed pre-earthquake, “secular” velocity field measured using GPS and Figure 3 the secular velocity field determined from an elastic block model (Reilinger et al., 2006) constrained by GPS measurements made during the 10-year period prior to the 1999 earthquake sequence (Ergintav et al., 2009). The pink velocities in Figure 3 are the residual velocities (observed – modeled) from the elastic block model. The velocity profile crossing the Izmit coseismic fault is consistent with elastic strain accumulation (i.e., arctangent) along the NAF with a locking depth (~20 km) that is consistent with earthquake hypocenter depths on this segment of the fault (e.g., Reilinger et al., 2006, Figure 5 of that paper). The small residual velocities in Figure 3 suggest that the pre-earthquake block model provides a reliable estimate of pre-earthquake strain accumulation (i.e., discrepancies of 1 – 2 mm/yr). This is important because our estimates of changes in site velocities following the earthquake sequence (i.e., isolating postseismic motions) rely on accurate estimates of pre-earthquake site velocities, including for locations where pre-earthquake observations are not available.
Figures 4 (top 2 panels) and 5 (top left 2 panels) show time series for the continuous GPS stations at Ankara (ANKA; >200 km from earthquake fault), and Gebze (TUBI; < 10 km from the earthquake fault) (see Figure 2 for locations). Both stations indicate postseismic motions that are consistent in orientation with the double-couple pattern expected from afterslip and/or viscoelastic relaxation (Figure 6c).  As indicated in Figures 4, and 5, the Ankara station shows a change in velocity at the time of the earthquake sequence that is consistent with logarithmic decay with a time constant of ~10 years. In contrast, the Gebze station located near the fault requires 3 time constants (1 day, 5 months, and 10 years) to account for the postseismic velocity change. 
In order to constrain the 10-year relaxation term with only 6 years of postseismic data, we assumed that all stations within the postseismic deformation zone will return to their pre-earthquake velocities prior to the next earthquake (historic and paleoseismic studies indicate repeat times of ~200 – 300 years; Klinger et al., 2003, Rockwell et al., 2001, Utkucu et al., 2008). Extending our monitoring of postseismic deformation will provide the data to directly test this assumption.
Figure 6 shows GPS postseismic motions at 1 week, 6 months, and 6 years following the earthquake sequence, determined by subtracting the modeled pre-earthquake, secular velocities (Figure 3) from velocities estimated from post-earthquake observations (i.e., the secular velocity field has been removed leaving only the component of postseismic motion). 
U. Montpillier.
Researchers and students from the U. Montillier GE group have expertise in using InSAR observations for measuring crustal deformation and invested significant resources to developing a comprehensive suite of analytical and numerical dynamic modeling applications. 
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The standard InSAR technique has been successfully applied to the various stages of the seismic cycle. However, two major limitations of this technique are the temporal decorrelation of interferograms, mainly due to vegetation coverage, and the presence of phase delays due to the changes in atmospheric conditions between different acquisitions. Analysis of long-term low spatial gradients deformation generally requires that a set of interferograms be stacked, so that, statistically, the atmospheric contribution is reduced while the deformation contribution is enhanced. However, this approach averages the deformation over the time of analysis. Hence, it is not suited to modes of deformation that are not constant in rate like post-seismic relaxation. 


The PS-InSAR approach overcomes the problems of decorrelation by identifying resolution elements whose echo is dominated by a single scatterer in a series of interferograms. Moreover, it is able to isolate the deformation component of the interferometric phase from atmospheric or topographic components.


The StaMPS (Stanford Method for Persistent Scatterers) uses spatial correlation of phase measurements to identify PS pixels. It is able to find low amplitude pixels with phase stability, that are not identified by most of other PS-InSAR algorithms. It is independent of amplitudes associated with man-made objects, and thus well adapted to natural terrains.


We have successfully used this technique for mapping the interseismic deformation that affects one central segment of the North Anatolia fault (Turkey), as well as the Longitudinal Valley fault (Taïwan). Despite the high vegetation coverage for both areas, the mean velocity maps estimated from PS are quite dense. Moreover, they are in very good agreement with GPS measurements. As expected, the analysis of the phase time series for individual PS confirms that the displacement rates are constant with time.


Many PS-InSAR techniques rely on some a-priori knowledge of how deformation varies with time. Commonly, deformation is assumed to be steady-state or periodic in nature. Consequently, they reveal to be unsuitable to transient events. This is not the case of StaMPS which selects PS pixels solely on the phase stability characteristics. 


Therefore, we propose to develop this approach in order to analyse the post-seismic relaxation following the Izmit earthquake. Vegetation coverage should not be a problem, as demonstrated in the central segment of the NAF. Moreover, the temporal density of SAR archives (ERS and Envisat) over this western end of the NAF should permit to estimate ground displacements maps with high temporal resolution.


This PS-InSAR analysis should provide significant information about the spatial distribution of strain and stress transfer over the study zone. Increasing our knowledge of the mechanical behaviour of the NAF in this area. Finally, it should provide important results in order to assess the seismic hazard for the city of Istanbul.

Synergy
I WILL WORK ON THIS SECTION FRIDAY…….
References

References

Allmendinger, R.W., R. Reilinger, and J. Loveless, Strain and rotation rate from GPS in Tibet, Anatolia, and the Altiplano, Tectonics, 26,TC3013, doi:10.1029/2006TC002030, 2007.

Ambraseys, N.N., The seismic activity of the Marmara Sea region over the past 2000 years, Bull. Seismol. Soc. Am., 92, 1-18, 2002.

Ambraseys, N.N., Earthquakes in the Eastern Mediterranean and Middle East: A multidisciplinary study of 2000 years of seismicity, Cambridge University Press, 800 pgs., ISBN-9780521872928, 2009.

Burgmann, R., et al., Deformation during the 11/12/99 Düzce, Turkey earthquake from GPS and InSAR, Bull. Seismol. Soc. Am., 92, 161-171, 2002.

Çakir, Z., A. M. Akoglu, S. Belabbes, S. Ergintav, M. Meghraoui, (2005). Creeping along the Ismetpasa section of the North Anatolian Fault (Western Turkey): Rate and extent from InSAR, Earth and Plan. Sci. Lett. 238, 225-234.

Çakır, Z., V. Karabacak, M. Meghraoui, E. Altunel, Ö. Yönlü, A.M. Akoğlu, Creeping Along the Ismetpasa Section of the North Anatolian Fault observed with SAR Interferometry and Lidar, Paper to be presented at the Symposium on the 1509 Istanbul Earthquake, Istanbul, Turkey, September, 2009.

Chéry J., M.D. Zoback and R. Hassani, Rheology, strain and stress of the San Andreas Fault in Central and Northern California: A 3-D thermomechanical modeling study, J. Geophys. Res., 106, 22051-22066, 2001.

Chéry J., S. Carretier and J.-F. Ritz, Postseismic Stress Transfer Explains Time Clustering of Large Earthquakes in Mongolia, Earth Planet. Sci. Lett., 194, 277-286, 2001a.

Chéry J., S. Merkel and S. Bouissou, A physical basis for time clustering of large earthquakes, Bull. Seismol. Soc. Am., 91, 1685-1693, 2001b.

Demirbag, E., C. Rangin, X. Le Pichon, A.M. C. Sengor, Investigation of the tectonics of the Main Marmara Fault by means of deep-towed seismic data, Tectonophysics, 361, 1-19, 2003. 

Ergintav, S., et al., Postseismic deformation near the Izmit earthquake (08/17/99, M=7.5) rupture zone, Bull. Seismol. Soc. Am., 92, 194-207, 2002.
Ergintav, S., U. Dogan, C. Gerstenecker, R. Cakmak, A. Belgen, H. Demirel, C. Aydin, and R. Reilinger, A snapshot (2003-2005) of the 3-D postseismic deformation for the 1999, M=7.4, Izmit earthquake in the Marmara region, Turkey by first results of joint gravity and GPS monitoring, J. Geodynamics, 44, 1-18, 2007.

Ergintav, S., S. McClusky, E. H. Hearn, R. E. Reilinger, R. Cakmak, T. Herring, H. Ozener, O. Lenk, and E. Tari, Seven years of postseismic deformation following the 1999, M = 7.4 and M = 7.2, Izmit-Düzce, Turkey earthquake sequence, J. Geophys. Res., doi:10.1029/2008JB006021, 2009.

Feigl, K., et al., Estimating slip distribution for the Izmit main shock from coseismic GPS, SPOT, and ERS-1 measurements, Bull. Seismol. Soc. Am., 92, 161-171, 2002.

Hearn, E. H., Hager, B., and Reilinger, R., Viscoelastic deformation from North Anatolian Fault Zone earthquakes and the eastern Mediterranean GPS velocity field, Geophys. Res. Lett., 29, 10.1029/2002GL014889, 2002a.

Hearn, E.H., R. Burgmann, and R.E. Reilinger, Dynamics of Izmit earthquake postseismic deformation and loading of the Düzce earthquake hypocenter, Bull. Seismol. Soc. Am., 92, 172-193, 2002b.

Hearn, E. H., S. McClusky, S. Ergintav, and R. E. Reilinger, Izmit Earthquake postseismic deformation and dynamics of the North Anatolian fault zone, J. Geophys. Res., doi:10.1029/2008JB006026, 2009.

Hubert-Ferrari, A., et al., Seismic hazard in the Marmara Sea region following the 17 August 1999 Izmit earthquake, Nature 404, 269-273, 2000.

Hubert-Ferrari, A., Armijo, R., King, G., Meyer, B., and Barka, A.A., 2002, Morphology, displacement, and slip rates along the North Anatolian fault, Turkey:  Journal of Geophysical Research, v. 107, p. x1-x32.

Klinger, Y., et al., Paleoseismic evidence of characteristic slip on the western segment of the North Anatolian Fault, Turkey, Bull. Seismol. Soc. Am., 93, 2317-2332, doi:10.1785/0120010270, 2003.

Kozacı, Ö., Dolan, J.F., and Finkel, R.C., 2009, A late Holocene slip rate for the central North Anatolian fault, at Tahtaköprü, Turkey, from cosmogenic 10Be geochronology: Implications for fault loading and strain release rates: Journal of Geophysical Research 114, B01405, doi:10.1029/2008JB005760.

Le Pichon, X., N. Chamot-Rooke, C. Rangin, and A. M. C. Sengör, The North Anatolian fault in the Sea of Marmara, J. Geophys. Res., 108, 2179, doi:10.1029/2002JB001862, 2003.

Mantovani, E., M. Viti, N. Cenni, and D. Babbucci, Short and long term deformation patterns in the Aegean-Anatolian system: Insights from space-geodetic data (GPS), Geophys. Res. Lett., 28, 2325-2328, 2001.

Meade, B.J., et al., Estimates of seismic potential in the Marmara region from block models of secular deformation constrained by GPS measurements, Bull. Seismol. Soc. Am., 92, 208-215, 2002.

Meghraoui et al., Evidence for 830 years of seismic quiescence from paleoseismology, archeoseismology, and historical seismicity along the Dead Sea fault in Syria, Earth Planet. Sci. Lett., 210, 35-52, 2003.

Nur A., E. Cline, Poseidon's horses: Plate tectonics and earthquake storms in the late bronze age Aegean and eastern Mediterranean, J. Archaeol. Sci. 27, 43-63, 2000.

Provost, A.-S. and J. Chéry, Relation between effective friction and fault slip rate across the Northern San Andreas fault system, in Analogue and Numerical Modelling of Crustal Scale Processes, Geol. Soc. Special Pub., 253, 429-436, 2006.

Reilinger, R.E., S. Ergintav, R. Burgmann, et al., Coseismic and postseismic fault slip for the 17 August, M=7.5, Izmit, Turkey Earthquake, Science, 289, 1519-1524, 2000.

Reilinger, R., S. McClusky, P. Vernant, and 20 others, GPS constraints on continental deformation in the Africa-Arabia-Eurasia continental collision zone and implications for the dynamics of plate interactions, J. Geophys. Res., BO5411, doi:10.1029/2005JB004051, 2006.

Royden, L., The tectonic expression of slab pull at continental convergent boundaries, Tectonics, 12, 303--325, 1993.

Savage, J.C. (1990), Equivalent strike-slip earthquakes in half-space and lithosphere-asthenosphere Earth models, J. Geophys. Res., 95, 4873-4879.

Sengor, A.M.C., N. Gorur, and F. Saroglu, Strike-slip faulting and related basin formation in zones of tectonic escape: Turkey as a case study, in Strike--slip Faulting and Basin Formation, (Biddle, K.T. and N. Christie-Blick, eds.), Society of Econ. Paleont. Min. Sec. Pub, 37, 227--264, 1985.

Sengor, A.M.C., O. Tuysuz, C. Imren, M. Sakinc, H. Eyidogan, N. Gorur, X. LePichon, and C. Rangin (2004), The North Anatolian fault: A new look, Ann. Rev. Earth Planet. Sci., 33, 1-75.

Stein, R.S., A. Barka, and J.H. Dieterich, Progressive failure on the North Anatolian fault since 1939 by earthquake stress triggering, Geophys. J. Int., 128, 594-604, 1997.

Ten Veen, J.H., J.M. Woodside, T.A.C. Zitter, J.F. Dumont, J. Mascle, and A. Volkonskaia, Neotectonic evolution of the Anaximander Mountains at the junction of the Hellenic and Cyprus arcs, Tectonophysics, 391, 35-66, 2004.

Utkucu, M., Z. Kanbur, O. Alptekin, and F. Sunbul, Seismic behavior of the North Anatolian Fault beneath the Sea of Marmara (NW Turkey): Implications for earthquake recurrence times and future seismic hazards, Natural Hazards, 1-27, doi:10.1007/s11069-008-9317-4, 2008.

Weldon, R.J., T. Fumal, G. Biasi, Wrightwood and the earthquake cycle: What a long recurrence record tells us about how faults work, GSA Today 14 doi:10.1130/1052-5173, 2004
[image: image7.jpg]WRMS: 1.32 mm NRMS: 0.97 #: 2840 data Rate: 0.14 +— 0.00 mm/yr
1 1 | 1 1 | 1

10
E 5
E
B 0
o
= -5
7}
O
o -10F —
=
s —151 —
P
20+ ]
_25 | | | | | | | | |
1998 1999 2000 2001 2002 2003 2004 2005 2006
10 WRMS: 1.66 mm NRMS: 1.23 #: 2840 data Rate: -8.55+— 0.00 mm/yr
I I I I I I I
€
E
c
i)
:'(%’
o
o
1%
®©
(NN
_25 | | | | | | | | |
1998 1999 2000 2001 2002 2003 2004 2005 2006
WRMS: 1.26 mm NRMS: 0.92 #: 2840 data Rate: 0.14 +— 0.00 mm/yr
T l T T l T T I
€ 5 i - . "
E h.d L - -.
~ ' . r -
C . ‘l 0 = A ]
2 e U
ey 41T . . =
g o T -
o N
£
S
Z -5
| | | | | | | | |
1998 1999 2000 2001 2002 2003 2004 2005 2006
WRMS: 1.48 mm NRMS: 1.09 #: 2840 data Rate: -8.55+-— 0.00 mm/yr
T T I I l T I I T
A
E 5
E
c
i)
@ 0
O
o
@ .
w _sb n
ATA . . ] [ ]
| | | | | | | | |
1998 1999 2000 2001 2002 2003 2004 2005 2006

Year




Figure 1. Schematic tectonic/topographic/bathymetric map showing the location of the 1999 earthquake rupture (red segment) within the context of 20th Century earthquake ruptures on the NAF. Numbers indicate the year the earthquakes occurred (i.e., 12 = 1912), and red arrows the extent of mapped surface breaks for each event. Pink lines show locations of trans-NAF GPS profiles (see Figure 2) that our Turkish partners and we are monitoring as part of our regional geodynamic studies (supported in part by NSF EAR-0838488 to MIT).
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Figure 2. Observed GPS velocities along the western (top) and eastern (bottom) sections of the NAF (velocities in the top panel are from pre-1999 earthquake data only). Red diamonds are CGPS stations and blue triangles SGPS sites – symbols with no velocities remain to be incorporated in our analysis, as here proposed. Light lines show schematic representation of the NAF and its main splays – hatched lines are normal faults in the Sea of Marmara. The location of the August 27th 1999 Izmit/Duzce earthquake rupture is shown by the purple line.
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Figure 3. The pre-earthquake GPS velocity field from a block model (from Ergintav et al., 2009). Pink velocities show residual velocities (observed minus modeled) where pre-earthquake observations are available (Figure 2). The locations of the proposed CGPS sites on the Princes Islands are indicated by red and white stars.
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Figure 4. Top 2 panels show ANKR GPS displacement time series (see Figure 2 for station location). North and east position time series are shown, with weekly positions and one-sigma errors (68% confidence limits). Coseismic offsets and offsets due to the interseismic velocity have been removed from these data. Displacements are relative to a fixed Eurasian plate. Symbols are colored blue after August 17, 1999 (Izmit earthquake) and gray after November 12, 1999 (Duzce earthquake). NRMS and WRMS refer to the normalized and weighted root mean squared residual, indicating the quality of the fit of the log function to the GPS data. Rate refers to the interseismic (pre-1999) velocity. 

Bottom 2 panels show ANKR GPS displacement time series, but after the removal of a single logarithmic term with a 10-year decay time (red line in top 2 panels). 
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Figure 5. Panels 1 and 2 (top left) show TUBI north and east GPS displacement time series, fit with the complete, three-term log function (red line). Coseismic offsets and offsets due to the interseismic velocity have been removed from these data, and displacements are relative to a fixed Eurasian plate. NRMS and WRMS refer to the normalized and weighted root mean squared residual, indicating the quality of the fit of the log function to the GPS data.  Rate refers to the secular (pre-1999) velocity. Symbols are colored blue after August 17, 1999 and gray after November 12, 1999. 
Panels 3 and 4 (bottom left) show TUBI displacement time series, after removal of the 3500-day logarithmic function term. The east and north components clearly show remaining, rapidly decaying velocities that are not adequately modeled. 
Panels 5 and 6 (top right) show TUBI displacement time series, after removal of the 3500-day and 150-day logarithmic function terms. The east component still shows a remaining, very rapidly decaying term. 
Panels 7 and 8 (bottom right) show TUBI displacement time series, after removal of the one-day, 150-day, and 3500-day logarithmic function terms that provides an acceptable fit to the full time series.
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Figure 6. GPS site velocities (a) one week, (b) six months, and (c) six years after the 1999 Izmit earthquake. These velocities have been corrected for interseismic deformation using the pre-Izmit velocity field shown on Figure 3. On Figure 6a, MMF is the Main Marmara Fault (based on Demirbag et al., 2003), AP is the Armutlu Peninsula, and PIF is the Princes Island Fault. Gray lines show the Izmit earthquake rupture trace. Only velocities from GPS sites that were being monitored during the relevant time intervals are shown on these plots. 
5) Exchanges and activities planned, including student participation Describe in detail the exchanges and activities planned (research exchanges, workshops, meetings).

The research exchanges will focus on combining the GPS and PS InSAR data.  Both groups and then using them to develop kinematic (geometric relations without considering forces) and dynamic models. The results will then serve as a basis for a workshop to develop NSF and French (or EU) proposals further developing seismic cycle models and seismic hazard assesments

A small workshop will be organized at the end of the year (July 2010) to discuss initial  results with MIT researchers involved in geology (C. Burchfiel), geodynamic (B. Hager, L. Royden), geodesy (T. Herring, B. King) and seismology (R. Van der Hilst, S. Rondenay). The results of the collaborative research to discuss the multi-disciplinary proposal.
6) Budget 
Reilinger to U. MPL 2 weeks $166/d + $900 AF = $3224

McClusky to U. MPL 2 weeks 1$66/d + $900 AF = $3224

Vernant to MIT 2 weeks $250/d + $900 AF = $4400

Peyret to MIT 3 weeks $250/d + $900 AF = $6150

Vernant & Chery to MIT 1 week $250/d + $1800 AF = $5300

Faculty = $16,148

Students = $6,150

Sub Total = 22,298

Overhead 10% =  $2,230

Total = $24,528

7) Activities outside of seed funding Describe additional activities and how they will be funded (NSF, etc.)
FROM MCCLUSKY AND REILINGER C&P SUMMARIES.

PHIL, MICHEL AND JEAN. PLEASE ADD YOUR INFO HERE

8) Project sustainability After MISTI seed funding, how will the project continue?
