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Objectives

�Study of Physical Volcanological Features and their influence in the 

Pahoehoe Flow using Digital Imaging Technique 

�Measure and plot discontinuities in basalt and derive guidelines for 

stability of slopes for the region

�To identify the most significant parameter influencing the engineering 

behaviour of basalt

�Application of Engineering rock mass classification schemes to 

varieties  of basalt based on Physical Volcanological Features

�To understand rock failure  / sliding mechanism for Pahoehoe flows of 

basalt
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• Lithologcal description of basalt was based on  nomenclature 

system developed by  Macdonald(1952), Walker (1971), and 

Bondre (2004)

• For defining flow units and related terminology field report of 

Geological Survey of India (1971)was used 

• High resolution oriented photographs were taken in the field

• Mapping of various units of flow s were carried using the  

Methodology

• Mapping of various units of flow s were carried using the  

high resolution photographs

• Engineering Description  of rock mass was carried out by 

using IS 11315(Part I to XII). 

• Various  Rock mass characterization  methods  such as 

Geological Strength Index,  RMR ,were applied to understand 

engineering behaviour of the rock in field
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Location and access to Dive ghat area

5Figure: 1(Part of the Toposheet)



Location and access to Dive ghat area

Dyke

6

Figure: 4



Map showing the extent of the Deccan Volcanic Province 

(DVP) in India. 
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Study Area

Figure: 2: The distribution of compound pahoehoe and simple flows 

(DVP) (Bondre et.al. 2004)



Lithostratigraphy of Deccan Basalt Volcanic 

Province (Godbole et al 1996)
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Topography and Drainage

Eastern Branch of Sinhgad 

escarpment running  beyond 

Bhuleshwar in further SE 

Mula –Mutha River Basin
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Figure: 3

Bhuleshwar in further SE 

Nira River Basin



General 

Lithological 

Section 

Exposed in 

Dive Ghat 
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Figure: 5

(Sapre 2011)

Mapped Flow 

for the work



Regional Geology of the area

According to Ghodke et al. (1970), the flows in this area are attributed to
Diveghat formation forming part of upper Lonavala Subgroup of North
Sahyadri group of Deccan Trap Supergroup (Figure:2).

The basalt pile exposed between 548 m and 724 m comprises several units
of a compound pahoehoe flow, with the characteristic pipe amygdules at the
base, massive middle section and the vesicular tops with a thin ropy crust.

Seven mappable horizons having lateral persistence can be delineated in
this compound pahoehoe pile. Above this pahoehoe pile, are eleven aathis compound pahoehoe pile. Above this pahoehoe pile, are eleven aa
flows.

Pahoehoe lava flow studied is designated as Flow group “G”

Minralogicaly these Basalts contain clinopyroxene, Ca-Na Plagioclase
feldspar as the main constituent rock forming minerals.

Clinopyroxene, Ca-Na Plagioclase felspar are present as a groundmass and
as a phenocrysts.

Zeolites and secondary silica occurs occupying vesicular cavities.
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Formation of Pahoehoe Flow

• After Eruption development in the form of 

sheet lobes

• Development of various surface features on 

the top of the flowthe top of the flow

• Development of various structural features 

within the flow during the phase of eruption



Constraints in Deccan Basalt

• Exposed basalt flows are relict of basalt flows
erupted by the end of Cretaceous (~ 65 m.a.)

• Exposures are limited e.g. along road sections

• Part of flow is available for observation

• Most of the time the exposed parts are subjected to
surface alteration, developing joints etc.

• Flows are subdivided into different flow units of
unequal dimensions leading to difficulty in
correlation of flow units / flows over a large area

• These factors pose a great challenge in ascertaining
engineering behaviour of basalts



Growth stages of a pahoehoe sheet lobe at a 
fixed location 

Lockwood et.al. (2010) 14
Figure : 6 



Grape Bunch Analogy 

Continuous 
pumping of liquid 
lava  leading to 
inflation lobes of 
pahoehoe 

In grapes stem 
acts as a feeder acts as a feeder 
where as in 
pahoehoe 
individual lava 
lobe can act as a 
feeder  and gives 
rise to new  lobe/s





Idealized cross section through an inflated pahoehoe lobe

Self et al, 1998 17
Figure : 8 



Physical Volcanological Features of Compound Pahoehoe 

Flows observed in the field

Megascopic characters

� Flow orientation,

� Secondary minerals,

� Vertical and lateral variations in megascopic characters like primary

banding of minerals etc.

�Variation in Weathering characteristics within and around flow lobe

/unit,/unit,

Volcanic characters

� Nature and density of vesicles,

�Coalescence of vesicles,

� Presence of vugs and cavities, their size, shape, whether filled and

empty etc.

� Primary volcanic features like ropy structure, pipe amygdules

� Elongated vesicles, orientation of feldspars, ropy lava surface.
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Structural details:

Nature of joints and their variation,

Direction of prominent sets of joints,

Dip of flows, fractures

Nature of lower and upper contacts of flows:

Chilled contact, fused contact, presence of glassy crust

Physical Volcanological Features of Compound 
Pahoehoe Flows observed in the field

Chilled contact, fused contact, presence of glassy crust

Nature of marker horizon such as red bole, intertrappeans,

ash or tuff beds, undulations in the contact and amplitude

of undulations.

Thickness variation and lateral extent of flows:

Pinching of flows,

Direction of thickening of flows etc.,

Estimation of areal extent to study the geometry of flows.

Details of pyroclastic material found in basaltic areas

At times red bole may represent volcanic tuff or ash. 19



Observed Morphology of Pahoehoe Flows

• The compound pahoehoe flows are seen composed 
of a number of small toes or sheets and units 
measuring in thickness between 20 cm and 7 to 8 
m. and extend laterally for a few meters.

• The larger flow units show up prominently and can 
be traced for tens of meters. 

• The individual flow units have pipe amygdules at • The individual flow units have pipe amygdules at 
the base, a dense core and vesicular top with a 
glassy crust.

• A few of the units have a reddish crust and, at 
places, show ropy surface. 

• The individual toes locally show gentle gradients 

• The contacts between the pahoehoe flows show a 
50 cm to a meter thick red bole at the contact.





Characterization of Rock for Engineering Purpose

Bhavani Singh et al (1999)



Chart for GSI

estimates from the 

geological

observations

(1997, 2005)(1997, 2005)





WHY Digital Image Analysis, DIA?

• DIA allows precise mapping of features difficult to 

observe and resolve in the field. e.g. vesiculation, 

banding of vesicles, spiracles of various sizes can be 

worked out  

• Relationship between discontinuities and their effects

leading to weathering, failure and sliding can be

precisely mapped using DIA.precisely mapped using DIA.

• Interrelation of various component of flow units is easily 

recognizable  using high resolution digital images

• Handy tool to deduce engineering parameters of rock 

mass





Top of Lava Crust of Flow 

Group “G” exposed at 

Chainage 19.175 km 

Separation of 

Overlying flow

group “H” and Flow 

group “G’ 

Separation between overlying dense flow group “H” and lower “G” is done on 

the basis of  color, vesicles, discontinuity related  parameters of   is prominently 

studied using DIA

Thin reddish brown crust underlain by grayish brown  amygdular basalt is seen 

in the lower part of the photo.



More than 9 lobes, one 

dense core  zone can 

be identified using the 

DIA. 

Decomposition of Margins 

of lobes observed due 

to discoloration 

Typical bun shaped flow 

morphology of pahoehoe 

exposed in the ghat section

to discoloration 

Separation between 

overlying dense core 

and lower lobes  is 

prominently studied 

using DIA



Evaluation of 

Engineering Parameters 

for the exposed section 

• Decomposition category 

of rock  at various levels

• Discontinuity parameters

– Persistence 

– Set– Set

– Aperture

– Seepage

– Weathering 

This heterogeneity leads to

unrealistic evaluation of RQD by

existing method



Flow Morphology for G

Lava Crust 

Reddish Brown Top at places 

fragmentary, 

Highly weathered zone 

separating  upper flow lobes 

and lower  dense core portion

Dense Core , Very low 

vesiculation, secondary 

zeolitizationzeolitization

Flow lobe with irregular and 

decomposed margin

Highly weathered zone 

separating  upper dense core 

and lower band of vesicles 

Vesicular banding with more 

than 5-6 layers of vesicles of 

different sizes. 



Mapped Flow Morphology 

for G  using DIA

Irregular Hackly joints, WI=II-III  

along joints, tight aperture, no flow 

or seepages, , less persistent, 

GSI= 55-60, RMR= 45-50

Closely to very closely spaced 

joints, deeply decomposed, water 

seepage, GSI= 20-25, RMR= 25-30

Secondary zeolitization along 

joints, with WI=I-II, persistent 

Joints, no seepage, tight with

aperture1-3 mm, aperture1-3 mm, 

GSI= 55-60, RMR= 55-60

WI of Margin IV to V,  and interior 

with WI : I-II, GSI= 20-25, RMR= 

25-30, Interior GSI= 60-65, RMR= 

60-65

Closely to very closely spaced 

joints, deeply decomposed, water 

seepage, GSI= 20-25, RMR= 25-30

Closely spaced jointing , parallel to 

vesicle bands, GSI= 20-25, RMR= 

25-30



Engineering 

Assessment of various 

units

Discontinuity parameters

Persistence



Flow Morphology for G

Lava Crust 

Reddish Brown Top at places 

fragmentary,  GSI= 20-25, 

RMR= 25-30

Closely spaced jointing,

hackly to columnar, 

persistency within  the lobe, 

aperture tight, GSI= 30-35, 

RMR= 25-30

Very high vesiculation,  Very high vesiculation,  

irregular margins to the 

adjacent lobes, Closely 

spaced jointing, hackly to 

columnar, persistency 

within  the lobe, aperture 

tight, 

Flow lobe with margin 

zeolitised



Mapped Flow Morphology 

for G  using DIA

Lava Crust 

Reddish Brown Top at places 

fragmentary,  fresh, zeoitiesed,

Closely spaced jointing, hackly 

to columnar, persistency within  

the lobe, aperture tight, 

seepage not noticed, 

Very high vesiculation,  Very high vesiculation,  

irregular margins to the 

adjacent lobes, Closely spaced 

jointing, hackly to columnar, 

persistency within  the lobe, 

aperture tight, 



Flow Morphology for G  

Decomposed to moderately

weathered zone of vesiculation,  

amygdular, with impersistent 

joints

Closely to very closely spaced 

joints, deeply decomposed,

water seepage, water seepage, 

Dense Core , Very low 

vesiculation, impersistent

joints, 



Mapped Flow Morphology for 

G  using DIA

Decomposed to moderately

weathered zone of vesiculation,  

amygdular, with impersistent

joints, GSI: 30-35, RMR: 35

Closely to very closely spaced 

joints, deeply decomposed, water 

seepage, GSI: 30-35, RMR: 25-30seepage, GSI: 30-35, RMR: 25-30

Dense Core , Very low 

vesiculation, impersistent

joints,  GSI: 75-80, RMR: 75



Conclusion

• Physical Volcanological features  can be 

suitably delineated using the DIA technique

• Assessment of engineering parameters is 

much better using DIAmuch better using DIA

• This can be used as an additional tool in 

studying these features
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