Introduction

The evolution of volcanoes is strictly related with their substratum and the regional tectonics. The link
among morphology, geology and structure of volcanic edifices and the geological-structural
characteristics of the basement is important to understand hazardous phenomena as flanks eruptions
and lateral collapses of volcanoes.

The Colima Rift is an active regional structure, N-S oriented and more than 100 km long, 10 km wide.
This rift is filled by a ~1 km-thick sequence of quaternary lacustrine sediments, alluvium, and colluvium,
mostly underling the about 3000 m thick volcanic pile of the Colima Volcanic Complex (CVC). The CVC
located in the western part of the Trans-Mexican volcanic belt.

In addition to the regional structures curved faults, roughly E-W oriented, are observed on the CVC
edifice due to the spreading of the volcano moving southward on the weak basement. So in the CVC
edifice and surrounding area we can observe the interaction of regional structures and volcanic moving
southward on the weak basement.
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Aerial view from north-east of the Colima Volcanic Complex (CVC) with a loss of coherency.
morphotectonics. In the close-up, the Colima Volcanic Complex located in the western
part of the Trans-Mexican volcanic belt. i f
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The Colima Rift
The Colima rift extends in an overall north-south dlrectloifrom the trlere junction to the Pacific coast,
near Manzanillo. This rift consists of three morphojOg ally defined subrifts: the northern (follma
graben, the central Colima graben, and the southern Colima rift (top |ert r!gure) |
The northern Colima graben is located between the triple junction and the Colima volcanoes
(Cantaro, Nevado de Colima, and Volcan Colima). y :
The central Colima graben, like the northern Lollma graben, qlso ?xhibits a north-south orientation.
It forms a 50- to 60-km-wide graben/half-graben extending from Volcan Cantaro to the La Cumbre
fault zone located just south of the city of Colima.
The southern Colima rift extends from the La Cumbre fault zone to the Middle America Trench.
Unlike the northern and central parts of the Colima rift, the southern Colima rift trends northeast-
southwest. The CVC is affecte tk/ a distinct set of E-W-trending volcanotectonic normal faults,
radiating from the summit area and restricted to the volcanic edifice itself. The E-W structures
originated from the spreading of the volcano moving southward on its weak basement. The observed
deformation of the CVC and surroundings results from the interplay between the active N-S-trending
regional tectonics and :;e southward spreading of the volcano over its basement forming an E-W-

oriented volcanotecto‘ﬁl graben
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Tectonic, volcanic and human activity: ground deformation signals detected by multitemporal INSAR techniques in the Colima Volcanic Complex rift (Mexico)
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Work In Progress

Processing
We have applied a new multitemporal Advanced-InSAR (A-INSAR) technique known as StaMPS/MTI (Stanford Method for GPS time series
® Persistent Scatterers /Multi Temporal INSAR) [Hooper, 2008] to measure surface movements over the whole investigated
area. To this aim we used a dataset of 29 ENVISAT ASAR images, in image mode swath 1S2 and VV polarization, either N0 bt i 50 i
along ascending or along descending acquisitions. N & TR AT R e TR e I .
| The ascending data span from17/01/2003 to 26/05/2006, whereas the descending acquisitions range from 24/01/2003 to ] o
=" 14/12/2007. StaMPS/MTI implements two A-INSAR approaches, PS (Persistent Scatterers) and Small Baseline, besides the v mAE [ —— ;
& combined method (C-MTI). The result of C-MTI application are two velocity maps one for each orbit. Even though A-InSAR .y P A
technigues have proven to be reliable tools to measure displacements due to magma movement at depth and the possible 5;3, *mi":‘?,?"?# 5 i —
Interaction of regional structures and the volcanic one, however, andesitic strato volcanoes like the CVC remain difficult to ;E £ . m% ol
e | survey because of some in situ characteristics. Indeed, besides the steep topographic relief which induces strong ERS { L L
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roenseewrs | | tropospheric artefacts and layover areas, the specific environmental conditions (e.g., dense vegetation, ash and/or snow
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rremzcm=w o | @0 | cover) lead to coherence loss. The velocity maps from C-Band ASAR data clearly show a sparse distribution of coherent

Descending pass — track 155

The GPS benchmarks (yellow crosses in REFERENCE MAP) are in general

2= | targets over the whole scene outside urban areas and along the volcanic edifice. Furthermore the sparse scatterers density

N* of point scatteres for PS 48385

disagreement with C-MTI time series. This is apparent for NVDO (see

e leads to phase unwrapping artlfaCtS In order to face such issue the scene has been shared in subframes. Nevado asc and desc time series for comparison) that shows an uplift and an

specific  geometry  (steep

horizontal vector toward NE. Further analysis about the role of strain
accumulation at regional scale are needed. The superimposition of the
volcanic signal and the tectonics deformation may be the reason of the
inconsistency GPS-InSAR.

Top left image: the area surveyed by ascending and descendlng satellite orbits;
Bottom left image: reports‘édrne details about the processing for each me_tho_d End orbit direction.
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LOS (Line Of Sight) surface
velocities from Envisat data
measured by StaMPS/MTI
along ascending (left) and
descending (right) paths.
Positive (blue) velocities
mean the surface
movement is toward the
satellite (satellite-to-ground
distance decreases), while
negative (red) numbers
mean LOS distance has
mcre@sed along time.
Reference point for both

processing is in fuchsia.

Two PALSAR scenes (2007 Aug 29 and 2010 Jun 06) are used to analyze the
long term deformation with L-band interferometry. The wrapped interferogram
Is shown in the left figure and on the right a detail of the Fuego summit (aerial
view from south). A possible deflation of about 2.0 cm, has been measured on
the summit of Fuego (yellow areas in the right image). The displacement is in
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the LOS of PALSAR, on ascencung orbit.
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Modeling of Fuego the Colima
» AL W L We try to interpret the observed rate velocities from the ENVISAT SAR time
S, \_“a‘“ SN0 series supposing the action of a small de-pressured source. We use two
Velocity (miy) 45 S 2 2 5 15) 3 %%g \ differenEYmodeIs:lsqg%rfi;):al point-source (Mogi 1958) and spheroidal finite
e = e source (Yang et al., .
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We have applied the Hooper's multi-approach to a complex, but really interesting and intrigues, volcanic area like He CVC |
a sophisticated multi temporal interferometric approach for detection and mapping of terrain deformation, vv’mle'on‘the other ha
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t field works (Norini et al.2010) to testa s bsequent morpho-structural mo deI e ral notes must be und erpretations. In
| . particular we have no ke \ care how the topographic modification due to volcanic activities (eg. | and debris) an slope failut Ime may have
'J n | g | Influenced the result. W selected a point within each of the four areas and the time series are shown Pom ‘blue rectangle refers to Ive fault.
_ : : | I—B Therefore the measured deformation (about 70 mm in roughly 4 years) mlght,lbe the result of water extraction '(a sq.-asdnal.3|gnal Is proba |lected
| e | T i 5 S point in the red area centered on the volcanic cone highlights two different trends from ascending and descendlnyme series. Both measure a are
e e e o probably due to horizontal deformation caused by the local extensional regime. In syn.theS|s we can observe: et T
- the general deflation of top _portlon of the cone as in Pinel et al.(2007), and t ubsidence of Nevado the Colima. . . P
- deformative pattern of the NW and SW zones (respectively central and southern rift) do not clearly describe the structure. |

- the deformation patterns in the northern rift near Cludadquzman with an evident gro;ind subsidence most of which prob ‘!bly ascribable to the eompactlom' of he sedin

In the Reference Map, the extension of the CVC zones processed separately. The reference points for each unwrapping  the lake. The deformation pattern in this area GPuId be also due to presence of extesmn | structures that border the northem rl-ft =iy B
process are in brown. Pink poiTS show the location of time series reported in the graphs. The graph represents the i . F . . .L -
displacement time series and are grouped by a fence with thel\llgolor of the zone in the map. The time series of red = } i ‘References N 3 |
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