Interpretation of stereopairs

The images belonging to this exercise are found in the stereopairs subfolder:

\Chapter 6 - Exercises\Photo Interpretation\stereopairs\

Contents:

· Explanation of the stereopairs.

· Sagging or deep-seated gravitational spreading
· Slope instability in the Sant Arcangelo Basin (Italy)
· Fiume d’Acqua Fredda
· Sauro valley
· Fiume Alvaro
· Gallicchio area (Basilicata, Italy)
· Aliano area
· Mass movements on the eastern slopes of the Cauca River (Colombia)
· El Mirador (Colombia). Headward progression of shallow slides causes road damage.
· “El Tablazo”. Advance of shallow to moderate deep slides caused by land use changes.
· Large scale rockslides and lateral spreads of limestone over marls and shale (Rio Suarez, Dept. Santander, Colombia).
· Flowslides in volcanic ashes east of Manizales.
· Complex slope failures on the frontal part of the fluvio-volcanic deposits of Manizales.

· Sturzstrom in the Sierra Las Nieves (prov. Malaga, Spain).
· Landslides due to extreme strong rainstorms.

· Deep creeping and complex mass movements in grey and black  marls in the French Pre-Alpes (La TriPves) : aerial photographs covering the period 1959 – 1981 – 1993.

· Temporal analysis of complex slope movements in black marls in Villarnet (French Pre-Alpes).
· False Colour Aerial Photography: Creep, mudflows and rotational slides in colluvial slope deposites and marly shales (Rougemont area, Swiss Alps).
· Earthflow triggered off by a rockfall (Tor valley, Spanish Pyrenees)
· Mudslides triggered of in residual soils of granitic origen by an extreme rainstorm and converted into debris flows in the lower valley (Thailand). SPOT False Colour Composite and a B/W Band 3 Image
· Slope instability in the Agri valley: a panchromatic SPOT Image covering the same area as stereogrammes 5 - 13

Explanation of the stereopairs

	Stereogram no.
	Subject and location
	year
	Approx. scale

	Stereogr. 1
	Noguera Tor valley, north of Durro 
	
	1:22.000

	Stereogr. 2
	Vall Sant Nicolau, north of Bohi 
	
	1:22.000

	Stereogr.3
	Port de Vielha, Vall d’Aran 
	
	1:22.000

	Stereogr.4
	Villa d’Agri (Basilicata, Italy)
	
	1:33.000

	Stereogr. 5 & 6 
	Fiume d’Acqua Fredda (Basilicata, Italy)
	
	1:17.000

	Stereogr. 5 
	Panchromatic
	
	

	Stereogr. 6
	Infrared
	
	

	Stereogr. 7
	Fiume d’Acqua Fredda 
	1955
	1:33.000

	Stereogr. 8
	Sauro valley
	1976
	1:17.000

	Stereogr. 9
	Sauro valley
	1955
	1:33.000

	Stereogr. 10
	Fiume Alvaro - lower part
	
	1:17.000

	Stereogr. 11
	Fiume Alvaro - higher part 
	
	1:17.000

	Stereogr. 12
	Gallicchio 
	1976
	1:17.000

	Stereogr. 13
	Gallicchio
	1955
	1:33.000

	Stereogr. 14
	Aliano area 
	
	1:17.000

	Stereogr. 15 
	Aliano area towards the Sauro river 
	
	1:17.000

	Stereogr. 16
	Aliano area, slope movements in the blue clay formation 
	
	1:17.000

	Stereogr. 18
	Eastern slopes of the Cauca river (Colombia)
	
	1:60.000

	Stereogr. 19 a
	Eastern slopes of the Cauca river
	
	1:10.000

	Stereogr. 19 b
	Eastern slopes of the Cauca river
	
	1:10.000

	Stereogr. 19 c
	Eastern slopes of the Cauca river
	
	1:10.000

	Photograph 20
	General view of the area of stereogr. 18 and 19 a, b and c.
	
	

	Stereogr. 20a
	El Mirador 
	1971
	1:20.000

	Stereogr. 20b
	El Mirador 
	1973
	1:20.000

	Stereogr. 21
	El Mirador 
	1983
	1:8.000

	Stereogr. 22
	El Tablazo slide west of Manizales (Colombia)
	
	1:30.000

	Stereogr. 23
	El Tablazo slide west of Manizales (Colombia)
	
	1:10.000

	Stereogr. 24
	Large scale rockslides and lateral spreads of limestone blocks over marls and shales  (Rio Suarez, Dept. de Santander, Colombia)
	
	

	Stereogr. 25
	Flowslides in volcanic ashes on gentle slopes east of Manizales (Colombia)
	
	

	Photograph 26
	Monoscopic view of flowslides in volcanic ashes
	
	

	Stereogr. 27
	Stereoscopic view of the flowslide of photograph 26
	
	

	Stereogr. 28
	Small scale view of the complex failures in the fluvio-volcanic deposits of the Casabianca Formation.
	
	1:30.000

	Stereogr. 29 
	Complex slope movements west of Manizales

(detail stereogr. 28)
	
	

	Stereogr. 30
	Complex slope movements west of Manizales

(detail stereogr. 28)
	
	

	Stereogr. 31
	Complex slope movements west of Manizales

(area of stereogr 29 after 10 years)
	
	

	Stereogr. 32
	Sturzstrom in the Sierra Las Nieves (prov. Málaga, Spain)
	
	1:18.000

	Stereogr. 33
	Sturzstrom in the Sierra Las Nieves (prov. Málaga, Spain) 
	
	1:18.000

	Stereogr. 34
	Rotational landslide acompanied by a mudflow in the frontal part (Gosol, Spanish Pyrenees)
	
	1:22.000

	Stereogr. 35
	The site of the “La Coma Earthflow” before the slope movement 
	
	1 :18.000

	Stereogr. 36
	The “La Coma Earthflow” 
	
	1:20.000

	Stereogr. 37
	La Tri(ves slope failure (French Pre-Alpes)  - situation
	1959
	

	Stereogr. 38
	La Tri(ves slope failure (French Pre-Alpes)  -  situation
	1981
	

	Stereogr. 39
	La Tri(ves slope failure (French Pre-Alpes)  -  situation
	1991
	

	Stereogr. 40
	Complex slope movements in “les terres noires” (French Pre-Alpes)
	1981, 1993
	

	Stereogr. 41
	False Colour Aerial Photography (Swiss Alps) 
	
	1:10.000

	Stereogr. 42
	Flow triggered by a earthquake induced (?) rockfall (Tor valley, Spanish Pyrenees)
	
	1:22.000
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Sagging or Deepseated Gravitational Spreading

Sagging is defined as deepseated deformations on mountainslopes which, in their present state of development, do not justify a classification as landslide (Hutchinson, 1988). The movement gives evidence of a disturbed equilibrium, resulting in a slow movement comparable with deepseated creep, although this term is generally used for wide spread deep plastic deformations in “soft” rocks, while sagging is typically developed in hard more brittle rocks. Sagging has sometimes a certain appearrance to very large slides or lateral spreads, as defined by Varnes (1978).

In the literature the movements are known as sackung (Zischinsky, 1966), gravitational spreading (Radbruch Hall, 1976; Soeters and Rengers, 1982) or deep gravitational deformations (Mahr, 1977; Guerricchio and Melidoro, 1979). These deepseated slope movements in competent rock are supposed to be related with an extreme violent vertical erosion (e.g. deep glacial erosion) caused by a very recent uplift or a glacial retreat.

Three exemples shown in this workbook are from the Spanish Pyrenees and one is taken from Italy.

Stereopair 1.

The clearest exemple comes from the Noguera Tor valley in the Pyrenees 
(see stereogramme nr.1). Morphologically the slope movement ressembles very much a confined rotational slide. The principal failure plane has a clear expression at the crown of the slope movement. The vertical step is in the order of 30 - 4- metres. Subsurface information on the failure plane doesn’t exist. The lateral cracks are well defined, particular by the scree accumulation at one side. The downwarping of the frontal block caused a bulging in the slope, wich resulted in the development of a number of small inversed faults. These faults originate narrow elongated depressions along the slope, which are clearly visible in the stereomodel. The bulging or oversteepening of the the slope results in extensive rockfall and toppling, which is the cause of the scree accumulation lower on the slope.

Stereopair 2 and stereopair 3.
The second example shows the initial development towards a double crest, another characteristic feature for sagging. In stereogramme 2 the double crest is hardly visible in the morphology, but the lineament associated with the failure plane is visible by its tonal expression. Stereogramme 3 gives a same slope movement (described by Bordonau
 ), with a clear morphological anomaly in the crestal development.

Stereopair 4..

The example from Italy (stereogramme 4) is typical for the gravitational spreading as described by several Italian authors
. The overall weight of the limestone outlier, covering the top of the mountain, is to high for the steep slopes in the plastic deformable (soft) flysch formation. This has caused a slow imperceptible plastic deformation of the slope front. This movement has induced the braking up of the  brittle limestones in the upper part of the mountain. A graben-like structure originated, with a highly oversteepened front along which toppling and rockfall is frequent. 

Exercise

1. What is the approximate dimension of these slope movements, considering  a photoscale of 1:22.000 for the stereogrammes of the Pyrenees and 1:30.000 for the Italian case ? How do you classify the size of these features, when comparing them to the dimensions of slope failures as given by Carrara
 (also cited in the lecture notes coming with these exercises).

2. After studying the first example, give a detailed interpretation of the second and third stereogramme. Determine as good as possible the failure line in the crown, indicate the elongated depressions associated with the inversed faulting and indicate the slopes wich are covered by scree. Based on this interpretation, what is your judgement on the activity of these slope movements (give a reasoning).

3. Indicate in stereogramme 3 the directions of the movements

4. Make a lineament analysis of the limestones in stereogramme 4. Indicate, just as it was a geological interpretation, the relative / apparent movement of the faultblocks. What is the conclusion of such an interpretation and is this interpretation sustained by other evidences (oversteepening of slopes, rockfall / toppling or any other feature) ? Indicate those features in your intepretation. 
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Slope Instability In The Sant Arcangelo Basin (Italy)

Stereopairs 5 to16

The slope instability on the examples of the Sant Arcangelo Basin (Basilicata, Italy) are in the first place controlled by the lithological conditions. 

The whole area is part of the Bradanic through, filled with late orogenetic and post-orogenetic sediments. The stratigraphy in the area consists basically of several each other overlapping fan deltas, with a coastline shifting slowly eastwards. This results in a sequence of fanconglomerates, and fluvial sands and gravels, interbedded with horizons of silts and clays of the floodplain and from a muddy coast.

Gentle fault induced folds are affecting the sediments and dips up to 25( are frequent.

Although the cementation of the sediments is weak, a clear jointing, particularly in the coarser sediments, is well defined. The jointing enables an infiltration and a rapid upbuilding of hydraulic pressures. 

The stability of the area is furthermore aggravated by the rapid vertical incision of the main rivers (Agri and Sauro) and their tributaries, creating a relative large internal relief.

Landuse is mainly concentrated on the finer grained clastic sequences and the ploughing of the fields increases the infiltration.

The most frequent types of mass movement are:

· dipslides, the sliding of conglomerate and sandstone packages over finer grained sediments. The material, which intiates to slide as blocks, desintegrates rapidly considering the lack of cementation and is converted lower on the slope into earthflow.

· mudslides and mudflows, in the finer grained layers and most often associated with landuse (ploughing). The slope movement  in the finer sediments is sometimes limited to the uppermost layer (the ploughed and weatered horizon) and in such cases mudslides occur (in the terminology of Hutchinson). More silty beds, with less cohesion, can fail entirely along a beddingplane and than real mudflows occur, which follow slopes and valleys downwards.  

· earthflows and flowslides, where the mobilisation takes place through the undrained loading of a silty clayey horizon causing a liquefaction. Coarser overlying material is moving downwards on the back of the fines and is mixing up with those fines due to the complete desintegration of the sandlayers. The resulting movement is an earthflow, which moves downwards while the material is saturated with water (sometimes during weeks and over kilometers length).

· complex slide and flow movement, generally over large areas. Riverine headwards erosion, and mass movements are together creating the space for slope failures. The erosion of the slide masses triggers new instability etc. In these places a variety of the above mentioned slope movements occur.

After an analysis of the stereogrammes it is recommendable to have look back and to evaluate which interpretation elements have been essential in the slope instability mapping. Look at tonal/textural aspects, drainage anomalities, infilled valleys, disturbed vegetational or landuse pattern, morphological features. 

Back to top

Fiume d’Acqua Fredda

Stereopair  5, stereopair 6 and stereopair 7
Complex dipcontrolled slide of conglomerates (Castronuovo Formation) on a silt/clay horizon.

The already old massmovement (see also the small scale aerial photograph) has partly been reactivated, probably due to undercutting by the Fiume d’Acqua Fredda. The graben-like structure, which is particularly clear in the older part, is typical for a compound and confined slide where the movement in the frontal part is obstructed (see fig. in Hutchinson).

Observe, on the small scale image, the enormous amount of sediment transported by the small stream giving a steep fan in the Agri valley. The anomalous amount of transport of sediments is an indication of the extreme erosion ( in this case mass movement) higher up in the valley.

The influence of scale (1:32.000 versus 1:17.000) is very clear. A comparison between SPOT Pan, the both photoscales is given in fig. 8-11 of the textbook Landslides-Investigation and Mitigation.

Exercise

1. Map in detail the features related to the mass movement, making difference in active and dormant features.

2. Give a short conclusive description accompanying the interpretation, indicating which parts are active, possible causes, etc.  

3. Compare the interpretation with the small scale stereogramme (1:32.000) 
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Sauro valley

Stereopair 8 and stereopair 9
Complex mass movements originating mainly in the upper slope in multicolored clays (a gypseferous chaotic melange related with the eastward advance of Apennine nappes) which are outcropping in a narrow zone just below an active fault. The movement is said to be complex, because the major earthflows in the area are fed by different “sources”. Dipslides in the flysch outcropping above the fault, large mudslides from the multicolored clays and slides generated in the sandstones and conglomerates of the Aliano Formation are coming together, and form a large earthflow.

The largest and “nicest” slope movements are outside the photocoverage, however good evidences for the slope failures as described above are observed in the stereotriplet.

Exercise
Which evidences in the stereotriplet are sustaining the given description ? Indicate the slope failures (old and active) as well as deposits derived from slope movements.
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Fiume Alvaro

Stereopair 10, stereopair 11
The area is covered by two stereotriplets, the first one covering the lower part of the valley, while the second one covers the upper part of the valley and a part of the plateau of Gallicchio.

 A large variety of slope movements occur in the valley of the Fiume Alvaro. The lithological and structural conditions are typical for those described in the introduction on the Sant Arcangelo Basin. Sandstones intercalated with silts and clays are outcropping in the lower part of the valley. This sequence is overlain by conglomerates alternated with much finer beds (mainly clays) in a typical association of a fandelta. The conglomerates are also underlying the plateau of Gallicchio (the village is outside the stereo cover). The dips in the upper part are very gentle, while in the lower part dips of 20(- 25(are frequent. The headward erosion of the tributaries of the Fiume Alvaro is vigorous.

Compare your findings with the small scale stereotriplet (1:32.000)

Exercise
1 Make a detailed interpretation of the slope instability phenomenon, differentiating:

· mudslides / mudflows

· rotational slides

· dipslides in sandstones grading into earthflows

· complex slope failures comprising slides and large flows

2 Indicate for every slope movement the:

· activity (active=1 / dormant=0) 

· depth (deep=1 / shallow=0)

3 Try to analyze the causes for every type of slope failure

4 Which slope movements can be recognised on the small-scale stereotriplet and which ones can be inferred, while having the knowledge that they are there? Which ones are completely overlooked?
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Gallicchio area (Basilicata, Italy)

Stereopair 12 and stereopair 13
The extrapolation of knowledge towards areas in a comparable geological / geomorphological setting. The conglomerates which cap the mountain are interbedded with silts and clays. The headward erosion of the streams are undercutting the slopes and enormous blocks are sliding downwards. The rapid desintegration of the hardly cemented conglomerates and their mixing with the fines makes that the landslide material is rapidly removed by flows towards lower parts of the valley (not good visible in this stereogramme).

In the stereogramme all different stages of slope failure can be observed and with sequential photographs (a good sequence is not available for the area) a good impression on the degree of activity and the progress of the process would be obtained.

Exercises

1. Delineate in all details the slope instability features, differentiating with colours the degree of activity. In image interpretation degree of activity is synonymous for the “freshness” in the image of the features relatable to slope movements.

2. Compare your interpretation with the interpretation of the same area on the 1:32.000 photographs.
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Aliano area

Stereopair 14, stereopair 15 and stereopair 16
The Aliano area is covered by two stereotriplets where the structural setting (dip) in combination with the lithology (fluvial sands/gravel with finer floodplain deposits) and the concentrated erosional features along drainage lines are defining the conditions for slope movements. The third stereogramme represents the environment with more silty and clayey prodelta sediments, which are heavily dissected by the fluvial erosion, creating other factors favouring instability.

Dipslides and earthflows are the main slope instability phenomenon given the lithology and the structure, although also a large complex slope failure occurs in a site comparable to that of the area of the Fiume Alvaro where conglomerates are undercutted by the erosion.

Exercise
Delineate the slope movements of the area and classify them in a few classes (max. 4), giving for every class the typical features and the main causes for the slope failure.
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Mass movements on the eastern slopes of the Cauca River (Colombia)

Stereopair 18, stereopair 19 and stereopair 20
The area is situated on the eastern slopes of the Cauca River. The local relief is +/- 1400 m., although in most of the area the relief is moderate with more or less continuous slopes towards the Cauca river 
.

The area falls in a structural basin filled with a sequence of sandstones, mudstones, claystones and local coal seams (the Amaga Formation). The formation is characterised by the rapid infilling of a basin in an environment of coastal mudflats with some mangrove, beaches and local rivers. Such a sedimentary sequence is known to be very susceptible for slope movements. The formation is unconformably overlain by volcanoclastic agglomerates alterated with basaltic and andesitic flows (the Combia Formation). The resistant volcanic formation is strongly jointed and they form steep slopes and cliffs.

Most of the slopes on the Amaga Formation are covered with mantle of colluvial deposits and outcrops are only found in the deeper incised valleys of the tributaries of the Cauca. Only the more resistant sandstones (and sometimes conglomerates) at the outerside of the basin can form strike ridges.

The small scale stereogramme (scale 1:60.000) gives a good overview of the main lithological units, the structural setting and the colluvial covered (long) slopes towards the Cauca. However the photoscale is to small to identify slope movements, although an anomality in the geologic boundaries could lead towards the conclusion of possible slope failures.

The slope stability in the area is basically controlled by a combination of the geological and geomorphological setting and mainly four different types are differentiated.

The first type is related with the steep scarps of the jointed volcanoclastic formation overlying the soft sediments of the Amaga Formation. Enormous blocks are sliding in a rotational form over the clay rich subsurface, aided by the infiltration of water along the joints. The blocks are rapidly desintegrating in blocks of everytime smaller size.

Associated with the first type are the flows generated in the saturated colluvial and the outwards squeezed claystones at the foot of the volcanoclastic formation. In the past some major earthflows occurred and blocks of the volcanic agglomerates are found even at the other side of the Cauca river.

The third type of slope failure is associated with the rapid incision in the Amaga Formation of the tributaries of the Cauca.This creates oversteepened slopes which are unstable. The seepage line at the headpart of these valleys is the place of mainly flowlike movements in debris.

The fourth type of slope movement occurs in the valleys in between the sandstone strikeridges. Major earthflows consisting of slope debris derived from the face and dipslopes, mixed probably with the fines of the underlying horizon,occur in these depressions.

Although some other types could be differentiated, the given subdivision seems to be a valid generalization, giving a working hypothesis which enables the expert (after validation of the working hypothesis) to define decision rules for a slope hazard zonation.
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El Mirador (Colombia) 

Stereopair 20a, stereopair 20b and stereopair 21
El Mirador is, close to the city Villaviciencio, one of the most problematic sites in the road from Bogota to this city. Landslides have affected an area of about 0.5 km. and the headward progression has forced the engineers to construct a bypass for two times over the twenty-five years that the road exists. The landslides are mainly shallow to moderate deep almost translational slide, taking off from the upper part of the slope. The slided material is later removed by the erosion in the creek. The old road, located not far from the site, had similar problems and this led to the construction of the actual road (constructed in 1968). At this moment the road is once gain under serious threat and a new disrupture would be dramatic as no direct solution exists for a new bypass.

Over the last twenty years a large amount of remedials have een carried out unsuccessfully. The following engineering works were carried out:

· surficial drainage works on the higher parts of the slopes to prevent infiltration

· terracing of the upper part of the slope

· protection of the road with gabions and retention walls

· grouting of fractures and cracks from a drainage gallery 

· covering the terraced part with asphalt to prevent water infiltration.

All emphasis in the remedials was laid on the control of the headward development of the landslides. Most of the engineering works have been destructed within time due to the violent headward progession of the process. The cross section demonstrates the amount of erosion in the lapsus of twenty years.

Site conditions

The area lies a few klometres west of Villaviciencio on the footslopes of the Eastern Cordillera. The relief is strong with slopes generally over 75 %. The drainage basins are mostly small steep first order streams. Soils are thin and most of the original forest has been replaced by pastures for the grazing of cattle.

Shales and sandstones, sometimes with conglomerates are outcropping in the lowermost part of the slope. This sequence is separated by a reversed fault, which bring phyllites and finely bedded quartzites on top of the sedimentary rocks. The metamorphic rocks are very heavily disturbed, jointspacing is close to very close (4 - 10 cm.). The rocks are moderately weathered (using the British weathering scale) in the upper part of the slope (above the 850 m), lower on the slopes almost unweathered rock is found directly under the soil cover.

A spring level coincides with the same 850 m. contour line.

The climate in this zone is characterised by extreme heavy orographic rainstorms, particularly in the rainy season (monsoon).  

Materials
· Aerial photographs from 1971 (a) and 1973 (b) - particularly the last ones are giving a good idea of the problem at that time, as well as a view of the old road. The two narrow white toned areas in and shortly after the problem point are corresponding to gullies at sites where culverts for the drainage of the road are located.

· Aerial photographs ( c; scale 1:8.000) taken in 1983 and giving an excellent view of the problems.

Exercise

1. Make an interpretation of the the stereopairs (a) and (b) and make an analysis of the problem along the new road. Define in a few sentences your conclusions.

2. Make an interpretation of the large scale photographs. Review your first hypothesis (if necessary).

3. Give your opinion on the remedials and/or give recommendations for additional measures.

Exercise

1. Study the whole region on the small scale aerial photographs and try to delineate the main lithological and structural lines. Make on a separate overlay an hydrological interpretation, with the drainage, springs and the possible zones of seepage. Classify the relief of the area in a few slope classes. 

2. Make a detailed interpretation of the stereopairs (a), (b) and (c) using the information from the description. The location of the areas is indicated on the small scale photograph. Give for every photograph a description of the slope instability features observed. 

3. Make a classification for the slope instability in the area, classifying the different types of slope movement into a relative small number of  different types. Compare your classification with the one given in the description. Is there an agreement or not ?

4. Make for every type of slope movement you have differentiated a list of causative factors and define on that decision rules for the a hazard classification.

Go back to the initial interpretation of the small scale photographs and delineate hazard classes for the types of slope instability.

Back to top


“El Tablazo” slide west of Manizales (Colombia)

Stereopair 22 and stereopair 23
The present two stereogrammes are another example of information obtained with different scales (1:10.000 and 1:30.000). The type of denudational processes is similar to the example of the site El Mirador (st.gr. 20 and 21). An accelerated erosion, induced in this case by landuse changes, has severely undercutted the slope and causes shallow to moderate deep rotational slides at the upper part of the slope. The slided and desintegrated material remaining on the slope is afterwards removed by sheet- and gulley-erosion. The advance of these processes is than triggering new mass movements at the crown of the erosion niche.

The interpretation of the small scale images doesn’t give the necessary detail to evaluate the type of process, something which is possible on the large scale photography. The slided blocks at the upper part of the slope are distinguished on these photograph and their relation with the accelerated soil erosion lower on the slopes can be interpreted. The small scale photographs are yielding more information on other small catchments with similar situations and sometimes with weak indications for an initiation of the same process. These photographs are therefore more suitable for a hazard assessment, once an analysis of causing factors leading to mass movements or complex accelerated erosion is made.
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Large scale rockslides and lateral spreads of limestones over marls and shales (Rio Suarez, Dept. Santander, Colombia)

Stereopair 24
The enormous mass movements on these small scale (1:60.000) photographs are deduced from the geological interpretation of the photographs. The stratigraphic column for the area can be established on the left stereogramme and consisits of relatively soft sediments, characterised by rather gentle valley slopes, down in the Suarez river. These beds are overlain by harder beds (limestones) yielding steep slopes. On top of these limestones another sequence of soft marls and shales occur and the section ends with well stratified massive limestones in the highest part of the valley. However, a detailed study of the stereogramme shows that the gentle slopes are covered by enormous limestone blocks detached from the scarpment and spread over the more gentle slopes. The orientation of these blocks close to the scarpment is still similar to the original, but farther away the dimension of the blocks decreases and their positioning over the slope is chaotic. 

Similar slide occur at a smaller scale on the lower part of the slope and there the mass movement affects the position of the River Suarez, which starts to undercut and to destabilise the opposite slope.

The movement of the blocks on the slope is in the first place in a kind of rockslide, while the detached blocks are continuing their movement through the plastic deformation of the underlying shales and marls. This process is highly dependant on the hydrological slope conditions. A local acceleration can occur through the headward erosion of small streams resulting in a decrease of the lateral or underlying support.
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Flowslides in volcanic ashes east of Manizales

Stereopair 25, stereopair 26 and stereopair 27
Manizales lies on the western slopes of the Central Cordillera in the vicinity of the Ruiz volcano. Particularly the more gentle slopes are covered by a thick mantle of volcanic ashes overlying paleaozoic schist or intrusive rocks. Flowslides in the volcanic ashes are common, due to the failure/liquefaction in saturated layers when high hydrostatic pressures are builded up in the rainy season
. The overlying horizons are moving as large slabs on the mobilised horizon, or the slab is broken up in parts and they slide independent from each other over the liquefied layer. More pure flowtype of movements occur in the frontal part of these flowslides as the unconsolidated slabs of volcanic ash are desintegrated or crumbling down.

The stereogrammes give good examples of these flowslides, demonstrating their morphological characteristics.

Morphology and associated shadows, pattern and greytones are the interpretation elements, enabling the interpreter to delineate not only the active slides, but to differentiate also the areas which in the past were affected by those slope movements.

In the second example (photograph 26), the monoscopic photograph can even be interpreted reasonably well using the elements/experience from the stereopair. The stereogramme below (st. 27) is given only for the confirmation of the monoscopic interpretation.

Exercise
1. Differentiate the morphological features of the flowslides in stereogramme 25. Try to make a difference between active recent movements and older nonactive or dormant movements. Which interpretation elements are you using for this differentiation ?

2. Make an interpretation of the monoscopic photograph, using the experience obtained by the interpretation similar flowslides as seen in stereogramme 25.

3. Check your interpretation using the stereogramme 27.
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Complex slope failures in fluvio-volcanic deposits (Manizales)

Stereopair 28, stereopair 29, stereopair 30 and stereopair 31
An example of scale differences and temporal data. The highly dissected Pliocene relief in the Manizales area was largely filled in by fluvio-volcanic deposits in the Plio-Pleistocene during a period of extreme stong explosive volcanic activity. Fluvial erosion of the Rio Chinchina and Rio Olivares dissected along the boundary of the Paleozoic and Cretaceous bedrock and the volcanoclastic deposits, leaving a mesa-like terrace on which the city Manizales was founded 
.

The headward erosion of the streams west of Manizales is at this moment reaching the city and in the upper part of the catchment, where steep slopes exist and the soft unconsolidated Plio-Pleistocene deposits outcrop, complex massmovements take place.

Although the small scale photographs (st.gr. 28; scale 1:30.000 approx.) gives an exellent overview of the general setting of the area, it is hardly possible to obtain an adequate idea on the slope instability problems. The large scale images (1:10.000) are giving the necessary detail for the interpretation of the area. The two stereogrammes (St.gr. 29 and 30) are picturing both flanks of the suburb La Francia. On one side the slope movements are extremely well defined and scarps and the associated hummocky surface of the slide mass is well distinguished. On the other stereogramme the slope movements are less distinct, but the irregularities in the relief are revealing the (dormant) slope instability. 

The stereogramme (nr. 31) is made with photographs of about 10 years after the other two, and the area of st.gr. 29 seems to have stabilised, as most of the area is overgrown with secondary vegetation. However field observations show the opposite. The whole area, also the part covered by grassfield and with the few houses is subject to mass movement. 

The whole movement is highly intermittent. Apparently the sliding mass has to be removed through the valley outside the area, in which bedrock is acting as a funnel. The material behind is acting as counterweight for the sliding mass, but when this has been removed by the fluvial erosion it frees the way for a reactivation of the slope instability. This is probably the case as well for the small sub-catchments as for the larger area, as can be observed in the small scale photographs.

This illustrates another working methodology, in which detailed knowledge obtained in large scale photographs or/and in the field is used in combination with small scale images to evaluate the more regional implications. 

Exercise

1. Elaborate an interpretation of the st.gr. 29 and 30 and do the same for the st.gr. 31. Compare the results by overlaying the interpretations ( the scale of the stereogrammes is more or less the same). What would be your initial conclusion (without having further information) ?

2. Using the knowledge of the former interpretations, make an as detailed interpretation as possible of the small scale stereogramme.

3. Where would you recommend engineering works to control the fluvial erosion and to diminish the slope movements ?
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Sturzstrom in the Sierra Las Nieves (prov. Málaga, Spain)

Stereopair 32 and stereopair 33
Sturzstroms are extremely rapid flows of enormous volumes of dry debris. Some very large rockslides or rockfall  can transform into a high speed streaming flow, termed a sturzstrom by Heim (1882) and Hs( (1975)
. According to Hs( the freecoming of an enormous amount of kinematic energy causes a turbulent grain flow (solid grains in air = dust cloud), with the necessary upward dispersive stress arising from momentum transfer between colliding grains (bouncing). 

According to Hutchinson (1988)
 a rockslide needs a critical mass to produce sturzstroms. This mass is in the order of 107  m3. He also describes similar failures in softer sediments with a low density, such as chalk and loess deposits, where flowtype failures are taking place with volumes of 103 - 104 m3.

In this particular case a collapse (rockslide) occurred in dolomitic limestones which are tectonically highly disturbed due to the Betic orogeny. An enormous block  (half of it is still intact) slided down from the culmination of the Sierra Alcaparain / Sierra Las Nieves into eastern direction. A dust and block cloud was originated by this rockslide and moved over approximate two kilometres towards the east in the direction of El Burgo (a village just outside the photo coverage). The flow deposits are distinguished on the photograph by a slight darker phototone and a definite coarser texture related to the large limestone blocks spreaded over the surface.

The rockslide and the sturzstrom brought the limestone block and debris on top of soft weak cemented shales and sandy shales (flysch deposits). The erosion of these deposits creates a instability and various younger slides and flows are observed. Flow type of failures are common, considering that in these cases the flysch forms the horizon in which the failure occurs.

Movements of the limestone blocks may also occur as a type of creep or lateral spreading, in which an extreme slow movement takes place due to the plastic defomation of the flysch by the weight of the limestone block and when the flysch is wetted in the rainy season. 

Exercise
1. Map the area affected by the sturzstrom, indicating the source areas, scarps etc. Make a difference between the active parts and the fossil parts.

2. Can you give an indication what the cause can be for the reactivation in certain parts, and can you give in such a case an indication of those areas where you can expect a reactivation (think about the hydrological conditions). 

3. In the light of question 2, what would be your recommendations?
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Landslides due to extreme strong rainstorms

Stereopair 34, stereopair 35 and stereopair 36
Extreme strong rainstorms passed over the Spanish Pyrenees in November 1982. An amount of  300 - 500 mm. rain poured down in a very large part of the Pyrenees in a period of three days, causing debris flows and a (re)activation of a large number of slope movemments. The two cases presented here, the earthflow of La Coma and the slide of Gosol, were originated during these rainstorms and they have largely the same causes.

In both cases the geological setting is at the foot of a limestone scarp, flanked by plastic clays alternated with sand and silt layers of a very shallow marine to coastal environment. The material is highly susceptible for flowtype of failures, laboratory tests give a plasticity index which is < 20 % 
.  

The contact between the limestones and the plastic clays is covered by a  large wedge of coarse colluvial debris, probably partly originated by frost shattering of the limestone in late Pleistocene or early Holocene times.Thus this material is extremely pervious and high hydrostatic pressures may build up in a short period in case of extreme rainstorms.

In La Coma the local relief  relatively strong with slopes up to 50 %. The relief in the area of Gosol is much more gentle.

In both cases the heavy rain infiltrating in the coarse colluvial overloaded the clays and a failure took place also due to the rapid increase of the hydrostatic pressure. The slope movement has in the upper part all characteristics of a rotational (Gosol) or rotational - translational slide with the failure plane located within the plasic clays or along a contact of the clays with a sand/silt layer. However in the saturated plastic clays a flow type movement occurs. In the La Coma “flowslide” a flowlobe, transporting on its back the desintegrated colluvial, moves forward causing relative shallow failures in the frontal part due to undrained overloading, causing a wide channel through which the flow moves downwards. Only much lower on the slope a runout occurs an there the flow continues on top of the original slope. Shortly afterwards the flowlobe come to an end. The total slope movement took 18 hours.

The Gosol failure is a more typical rotational failure where only some differential flow-like movement took place in the frontal part and a where only a saturated and apparently almost cohesionless material flowed out in a narrow lobe from a very broad slide front.

From the La Coma area stereogrammes of the situation before and after the slope failure exist. Both stereogrammes have a scale of approximately 1:20.000. The stereogramme of the Gosol area is is from the post-failure situation and has the same scale as the others.

Exercise

1. Make a detailed interpretation of the Gosol slide, indicating its actual extension. Delineate the area where a comparable terrain conditions exist. 

2. Interprete the pre-failure stereogramme of the La Coma area. Analyse which indications on a potential failure existed. Map those features and delineate the area endangered by possible slides. 

3. Compare your interpretation with the post-failure stereogramme. Give possible improvements to your hazard assessment made under point 2. 
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Deep creeping and complex mass movements in grey and black  marls in the French Pre-Alpes: the period 1959 - 1981 - 1993  

Stereopair 37, stereopair 38 and stereopair 39
The area affected by slope movements is underlain by dark black jurassic marls, which are known in the area as “terres noires”. These deposits are overlain by groundmoraine deposits of the last W(rm glaciation with considerable amounts of fines. The geological map of the area makes mention of frequent landsliding associated with those glacial deposits. The failure plane of these movements should be located on the discontinuity between the moraines and the marls. However, it is also possible that potential failure planes have developed in the marls during the unloading after the glaciation. In any case a fieldwork showed that the whole massmovement is taking place in the jurassic marls as well in this place as in the other visited sites in the neighbourhood.

The point P, indicated on the 1991 photographs and clearly recognisable on the other photos, lies at the altitude of 735 m. The shoreline of the lake almost coincides with the 500 m. contourline. The scale of these photographs is slightly smaller than 1:20.000.   

The slope instability of the area can be monitored nicely over the last decennia and it is clear that considerable instability problems have occurred since very long time and for sure before the construction of a dam for a hydro-electrical powerplant created the lake.

The study if this and other areas in the region show that the movement is very spasmodic. In years with less rainfall the movements may stop completely, while in with higher precipitation over long periods the movement is initiated again. In some examples the comparison of the 1981 and 1993 photographs are suggesting a stabilisation of the event, however a fieldtrip after a wet winter of 1996, showed a reactivation of the movements on all places. During this trip is was also observed that the movement during the last years was not anymore at the tip of the main slide, but concentrated southern flank of the slide.

Little is known about the velocity of the movements, but during the periods of activity it is presumed that the movement is normally in the order of  moderate to rapid ( cm’s to m’s per hour) and probably never very rapid ( 100 m./hr or more). The median velocity over the all the years is in the order of slow to very slow.

The mapping of the activity is hampered by the different scales of the photographs, but for this purpose the use of a GIS as data base is extremely useful. The topographic map can be used as base for the comparison of the slide through time.

Questions

1. Outline the areas affected by slope movements and compare the progress of the movement over the last 30 years.

2. Give an estimate of the area which is endangered by the mass movement.
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Temporal analysis of complex slope movements in black marls in Villarnet (French Pre-Alpes)

Stereopair 40
Two stereogrammes covering a timespan of twelve years, the photos of the upperone are of 1981 and the lower of 1993. 

Clear indications for slope instability are observed on the lower part on the stereogramme made from the photographs of 1981. The light toned scarps are contrasting with the darkgrey of the grassfields. These marks have disappeared on the lower stereogramme, picturing the situation of 1993.

Although the central area in the stereogramme has some conspicious morphological forms, no clear evidences for instability can be observed. The large contrast of greytones, particularly in this area, in both stereogrammes due to landuse differences and probably also related to the period of the year that the photographs were taken, makes the interpretation and comparison of both situation difficult.

Field evidences showed that slope movements direct north of the road to Villarnet and in the field just under the rock quarry along the eastern border of the stereograme (limestones).

A second fieldtrip, after a winter with a high amount of precipitation, showed that the stability observed in the two stereogrammes is only an apparent one. Reactivation of mass movements as well in the area north as south of the road to Villarnet was strong and also the slide in the extreme SW corner of the stereogramme had been reactivated. 

Activity of slope movements on aireal photographs can only be assessed on the freshness of the morphological features associated with landslides. However, this example shows that such criteria should be used with utmost care. Slope movements are typically spasmodic in their occurrence and they can be dormant for years till a triggering event occurs or a number of disfavourable conditions coincide and the movement is reactivated.
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False Colour Aerial Photography: Creep,  mudflows and rotational slides in colluvial slope deposites and marly shales (Rougemont area, Swiss Alps)
Stereopair 41 

False colour photographs are particularly sensitive for changes in vegetational conditions and variations in soil moisture conditions, therefore their application in slope instability studies is recommended.

These photographs were taken in early spring short after the snowmelt, when differential moisture conditions in the soils are optimum and slope failures are frequent.

The geology of the area consist of limestones (outcropping on the upper part of the left stereogramme) overlain by marly shales. The contact is approximately on the knickpoint of the slope. Renewed fluvial erosion has steepened slightly the lower slope.

The bright red colour is related to the young and fresh green vegetation on the slopes. The darker areas are the places with a higher moisture content and associated with these some flow type failures are observed on the middle slope. Creep, occurring extensively on these slopes, is hardly distinguished. The larger most rotational slides are located on the slightly steeper lower slopes.

The stange pattern in the lower centre of the photograph is related with menure putted on the field by the farmer.

Questions
1. Delineate zones / areas with soils wit a higher moisture condition.

2. How are these wetter zones correlating with the relief and how with the spatial distribution of the slope movements. 

3. Is it possible to formulate a conditional statement for areas with a higher susceptibility for slope movements ?
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Earthflow triggered off by a rockfall (Tor valley, Spanish Pyrenees)

Stereopair 42
Highly jointed but extremely hard quartzitic conglomerates of the Aguir( Formation are outcropping high on the slopes of the Tor valley. An almost vertical joint controlled rockslope is hardly visible as it lies in the shadow. The conglomerates are overlying Carboniferous slates, which are outcropping on the largest part of the slopes of the Tor valley. Only in the upper right corner Devonian calcaric schists and limestones outcrop.

The slopebreak observed in the higher part of the midslope is caused by the remnants of  moraine deposits and consists of a lateral moraine, with large blocks of granite coming from the upper part of the Tor catchment, and gelifluction and fluvioglacial deposits behind it (the small village Irgo is lying on these deposits).

The earthflow originated in front of the scarp in the Aguir( conglomerates, considering the enormous blocks floating in the flowmatrix made up of the weathering mantle of the slates. The flow travelled over approx. 1.5 km down and came to rest in the valley. There it gives the appearance of alluvial fan. However, the slope is not concave but convex typical for a viscous flow. 

The flow blocked the valley for a shortwhile (fluvial deposits are found directly behind it) and the Tor river curves just like the road around the tip of the flow.

The flow has filled in a large part of the valley through which it travelled downwards and this contrasts with the more “V” shapes of the other tributaries of the Tor river.

Flowmarks or lines, parallel to the flowdirection on the slope and tranversal to it on the flowlobe, are not visible anymore as the flow occurred in prehistoric times.

Another slope failure of which only the headscarp and the corresponding concavity in the slope are remaining, is visible just below Irgo. This failure took probably place in the moraine deposits and occurred most probably due to the headward erosion of the creek when cutting through the moraines.
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Mudslides triggered of in residual soils of granitic origen by an extreme rainstorm and converted into debris flows in the lower valley (Thailand). SPOT False Colour Composite and a B/W Band 3 Image

Image files: SPOTFalseColrComposite.tif and SPOTBand3BW.tif
A granite is underlying the forested slopes of this area. The weathering of the granite has given a rather cohesionless colluvial soil. A rainstorm after a precedent period of rain originated, particularly at the tips of the first order drainage lines, where saturated soil conditions existed, headward erosion and almost everywhere at the same moment slopefailures. The small mudslides travelled through the gulleys and the one joined the other, forming all together a real debrisflow (type of cardhouse failure 
 ), which caused large destructions in villages and agricultural fields in the main valley.
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Slope instability in the Agri valley: a panchromatic SPOT Image covering the same area as stereogrammes 5 – 13

Image files: <!--- Image files are missing --->
The SPOT Panchromatic images have a spatial resolution of 10 metres and belong therefore to the satellite images with the best spatial resolution. Furthermore SPOT gives the option for stereo as shown in this example. However, a comparison with the stereogrammes of aerial photographs gives a good impression of the relative help of satellite imagery for landslide inventory mapping. A considerable amount of the slope failures would not been observed on these images, even not with previous knowledge. Only the major slide (the earthflow of Gallicchio or the Acqua Fredda slide) are distinguished. The analysis of the reasons of the slope movements is impossible. On the other side the extrapolation of features associated with the slope instability and interpreted from large scale images, is possible on these. Note in this respect not only the morphological features (e.g. the erosion bowls around Gallicchio), but also the anomalous amount of erosion and therefore sediment yield associated with the valleys in which slope failure occurred.
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