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DOME MOUNTAINS 

ASSOCIATED WITH FAULTS 

 

 
 

Abstract-Experimental (Clay) and analytical models suggest that regional strain, cither extension or compression, 

significantly affects the fault patterns produced by doming. Our models specifically simulate the shallow deformation 

produced by gentle doming of a homogeneous material with and without a simultaneously applied, regional horizontal strain. 

The models of circular domes show that without regional strain, normal faults develop on the crests and flanks. On the 

flanks, the normal faults have radial trends. With regional extension, normal faults on the crests of circular domes trend 

perpendicularly to the regional extension direction, whereas many normal faults on the flank trend obliquely to it. Strike-Slip 

faults trending 60° from the regional extension direction form near the peripheries. With regional compression, many normal 

faults on the crests and flanks of circular domes strike parallel with the regional Compression direction. Strike-slip faults 

trending 30° from the regional compress direction also form on the flanks, and reverse faults striking perpendicularly  to the 

regional compression direction develop on the peripheries. Our models show that regional strain affects the fault patterns 
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produced by elliptical doming similarly. The fault patterns fault patterns of domed strata above salt diapirs and above 

uplifted blocks of basement. 

 The term, Dome has been used in a simple topographic  sense for rounded mountain tops Domes are 

anti-formal structures produced, at least in part, by upward-directed forces. They are circular or elliptical in 

outline shape and range from several kilometers to several hundred kilometers in width and length. Many 

tectonic processes create domes. In the Pachmarhis, uplifted blocks of crystalline basement have folded 

overlying sedimentary rocks into elongate domes in the Pachmarhi and deep-seated tectonic processes have 

created regional domes like the Dhupgarh, Mahadeva, Chauragarh, Pachmarhi hills, Belkandhar, Tamia, 

Kalapahar and Patalkot.  

Many domes are faulted. Two important factors, which may influence the fault patterns are outline 

shape and the presence of regional strain, either extension or compression, during doming. Experimental and 

analytical simulations of doming (H. Cloos, 1939; E. Cloos, 1955; Parker and McDowell, 1951, 1955; With-

jack, 1979) and observations from many Pachmarhi domes have confirmed that outline shape significantly 

affects the fault patterns produced by doming. Circular domes have more radial normal faults than elliptical 

domes and most normal faults on crests of elliptical domes trend parallel with the long axes. Although several 

investigators, including E. Cloos (1955, 1968), Belousov and Gzovsky (1965), Parker and McDowell (1955), 

and Withjack (1979), have suggested that regional strain influences the fault patterns of domes, but no one has 

systematically studied the effects.  

 In this study, we investigate the effect of regional strain on domal fault patterns as well as further 

examine the effects of outline shape using two independent techniques: experimental clay models and analytical 

models. Both are established modeling techniques used by previous investigators (e.g., H. Cloos, 1939; Hafner, 

1951; E. Cloos, 1955, 1968; Sanford, 1959; Oertel, 1965; Cummings, 1968; Gardner and Spang, 1973; With 

jack, 1979, (Scott P. Cooper, Laurel B. Goodwin, and John C. Lorenz Dec 2006), (Steven J. Maione Aug 2001) 

to simulate successfully the deformation patterns produced by many types of tectonic processes. 

Experimental Models 
Ten clay model experiments are described (Table 1). The experiments involve circular doming 

(experiment 1), circular doming with simultaneously applied extension (experiments 2 and 3), circular doming 

with simultaneously applied compression (experiments 4 and 5), elliptical doming (experiment 6), elliptical 

doming with simultaneously applied extension (experiments 7 and 8), and elliptical doming with simultaneously 

applied compression (experiments 9 and 10). 

Apparatus 
The experimental apparatus has a horizontal metal base and three vertical metal walls connected by 

threaded rods (Fig. 1). The base supports two plywood boards with one board clamped to a middle, movable 

wall and the other attached to an opposite, fixed wall. A thin, rectangular rubber sheet (     by      by       ) 

covers both boards and is pinned to them near the vertical walls. A thin, circular or elliptical rubber sheet is fas-

tened along its perimeter to the underlying rectangular rubber sheet. A circular or elliptical balloon connected by 

plastic tubing to a flow meter on a nitrogen tank is sandwiched between the two rubber sheets. During the 

experiments, a layer of soft clay (shear strength averaging       M Pa) covers the rubber sheets. 

During the experiment, a layer of soft clay (shear strength averaging 0.002 MPa) covers the rubber sheets. The 

clay consists predominantly of kaolinite and quartz, but small amounts of smectite, talc, and illite are also 

present. More than half of the particles in the clay are less than     in diameter, while approximately     are 

from   to    ,     are from   to     , and     are greater than       in diameter. 

 

Table 1. List of Dome Experiment  

 

Experiment 

Outline Number  

Shape 

(Rate of Applied 

Extension/Rate of Uplift) 

(Rate of Applied 

Compression/Rate of Uplift) 

Circular     

Circular       

Circular       

Circular       

Circular       

Elliptical     

Elliptical       

Elliptical       

Elliptical       

Elliptical       
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Figure: 1. Experimental apparatus. Sketch of apparatus shows rectangular rubber sheet and overlying circular 

rubber sheet. Air inlet tube connects balloon between rubber sheets to nitrogen tank, and threaded rods drive 

movable wall. 

 

Rotating the threaded rods with an electric motor moves the middle wall and displaces the attached 

wooden board which stretches or compresses the overlying rubber sheets and clay layer. Inflating the balloon 

domes the overlying circular or elliptical rubber sheet and clay layer. Thus, the experimental apparatus can 

dome, extend, compress, simultaneously dome and extend, or simultaneously dome and compress a layer of soft 

clay.   

Procedure 
Immediately before an experiment, a rectangular cake of soft clay (     by      by       ) is constructed on 

the rubber sheets. Small, raised circles are applied to the finished surface of the clay cake to record the local 

strain. During an experiment, these circles become ellipses. The long axis of each ellipse shows the local 

direction of least shortening on the clay surface, the short axis shows the local direction of greatest shortening, 

and the lengths of the long and short axes relative to the length of the diameter of the original circle suggest the 

local strain magnitude. Before an experiment, we select the speed of the middle wall and, consequently, the rate 

of applied extension or compression. In these experiments, the applied strain rate is either     ,     or            . We also control the flow rate of nitrogen to the balloon and, consequently, the uplift rate. Uplift rates 

range from     to          . The experiments are initiated by simultaneously moving the middle wall and 

inflating the balloon at the selected rates. During each experiment, the clay surface is photographed (with 

several light angles) at    ,    ,    , and        of uplift as measured on the crest of the dome. 
 

Table 2. Fault Classification from Dome Experiments 

 

Category Name 

(Dominant 

Displacement) 

Type of Displacements 

on Faults 

Appearance Approximate Orientation 

from Local Direction of 

Greatest Shortening 

Normal Normal and  strike-slip Jagged    
Strike-slip Strike-slip and normal Straight     

Reverse Reverse (and strike-slip?) Sinuous short     
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Faults 
Faults form in the clay in all experiments. We classify the faults into three categories based on type of 

displacement, general appearance, and fault orientation relative to the local direction of greatest shortening (as 

suggested by the strain ellipses). The faulting categories are named after the dominant type of displacement on 

the faults (Table 2). 
       As shown in Figures 2 and 3, normal faults are extremely jagged. Slicken sides show a predominantly nor-

mal displacement, although some strike-slip displacement is visible on some faults (Fig. 3) Most normal faults 

trend approximately parallel with the local direction of greatest shortening. Strike-slip faults are long and 

straight, and have strike-slip and normal displacements (Fig. 3). They are steeply dipping and trend about     
from the local direction of greatest shortening. Reverse faults are sinuous with predominantly reverse 

displacements (Fig. 4). Their trends are approximately perpendicular to the local direction of greatest 

shortening.  

Circular Domes 
 Figure 5 shows the fault patterns produced by circular doming at    ,    , and        of uplift. The 

lighting angle and possibly a slight asymmetry in the shape of the dome contribute to the lack of visible faults in 

the upper right quadrant of the dome in Figure 5. With        of uplift, normal faults form on the flanks of the 

dome. 

 
 

Figure 2.— Normal faults from experiment 3. Slicken sides show predominantly normal displacements. Minor 

normal faults intersect major normal faults at high angles. Raised circles are applied to surface of clay before 

experiment for strain determination and are not deformation features. 
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 The faults are closely spaced and trend radically from the center of the dome.With        of uplift, normal 

faults form on the crest, while the normal faults on the flanks lengthen outward. With        of uplift, ad-

ditional normal faults form on the crest. No visible deformation occurs near the periphery, even with more than        of uplift. This fault pattern is similar to fault patterns from other experimental models of circular domes 

(Link, 1930; H. Cloos, 1939; E. Cloos, 1955; Parker and McDowell, 1951, 1955,) Allen M. B., Alsop G. I., 

Zhemchuzhnikov V. G. Jan 2001 , Martha O. With jack and Cynthia Scheiner Mar 1982). 

 

 
 

Figure  3. Normal and strike-slip faults from experiment 3. Normal faults trend approximately     from direction of 

greatest shortening and have some strike-slip offset. Arrows show sense of motion. Strike-slip faults trend about     
from direction of greatest shortening and have some normal offset. 

 

       Figure 6 shows the fault patterns produced by circular doming with simultaneously applied extension (ex-

periments 2 and 3). Normal faults form on the crests and flanks of both domes. Most normal faults on the crests 

trend perpendicularly to the applied extension direction, whereas many normal faults on the flanks trend 

obliquely to it. Tat (Banga, Regina M. Capuano, and Kadry K. Jul 2011) (Talwani, Pradeep and Durá-Gómez 

Inmaculada Sep 2009) Anderson, E. M., 1942, near the peripheries, normal faults have some strike-slip offset. 

In experiment 3, strike-slip faults trending about     from the applied extension direction form near the 

periphery only with more than        of uplift. Rose diagrams of fault trends clearly show the effect of applied 

extension on the fault pattern produced by doming (Fig. 7). With the applied extension rate and the uplift rate 

approximately equal (experiment 2),     of the fault trends (based on length) are roughly perpendicular         to the applied extension direction; with the applied extension rate approximately twice the uplift rate 

(experiment 3),     of the fault trends are roughly perpendicular (     ) to the applied extension direction.  



 

tectonics of the pachmarhi  6. 

 

DR.N.L.DONGRE 
 

 
 

Figure 4. Examples of reverse faults from experiment 9. Reverse faults are sinuous and have predominantly reverse 

offsets. They trend perpendicularly to the direction of greatest shortening. 

 

     Figure 8 shows the fault patterns produced by circular doming with simultaneously applied compression. 

Closely spaced normal faults form on the crests of both domes. Most of these faults (more than    ) trend 

parallel (     ) with the applied compression direction, with two prominent fault trends at   to     from it (Fig. 

7). Strike-slip and reverse faults develop near the peripheries of the domes. The strike-slip faults trend about     
from the applied compression direction and the reverse faults trend approximately perpendicularly to it. 

Elliptical Domes 
       Figure 9 shows the fault pattern produced by elliptical doming at    ,     and        of uplift. With        

of uplift, normal faults trending roughly parallel with the long axis form on the crest. Normal faults near the 

ends of the long axis splay outward. With increasing uplift, normal faults trending perpendicularly to the long 

axis of the dome form on the crest and flanks. Existing faults lengthen and approach the periphery. No visible 

deformation occurs at the periphery, even with more than        of uplift. This fault pattern is similar to fault 

patterns from other experimental models of elliptical domes (H. Cloos, 1939; Parker and McDowell, 1955).  

         Figure 10 shows the fault patterns produced by elliptical doming with simultaneously applied extension 

(experiments 7 and 8).  
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Figure 5. Tracings of fault patterns produced by circular doming at    ,     and        of uplift (experiment 1). 

Faults on crest and flanks are normal faults. Dashed line is approximate location of periphery. Small circles are 

applied to surface of clay layer before experiment for strain determination and are not deformation features.  
 

 
 

Figure 6. Tracings of fault patterns produced by circular doming and simultaneously applied extension, (a) Fault 

pattern with applied extension rate and uplift rate approximately equal (experiment 2). (b) Fault pattern with applied 

extension rate approximately twice the uplift rate (experiment 3). Arrows show applied extension direction. Dashed 

line is approximate location of periphery. 
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Figure 7. Rose diagrams from circular dome experiments. Rose diagrams show fault trends from lower right 

quadrant of circular domes with        of uplift. Diagrams are created by dividing faults into small, straight 

segments. Axes of rose diagrams show percentage of fault segments (based on length) with a given trend (Gallagher et 

al, 1977). Outward directed arrows indicate applied extension direction, inward directed arrows indicate applied 

compression direction, (a) Circular dome (experiment 1). (b) Circular dome with applied extension (experiment 2). 

(c) Circular dome with applied extension (experiment 3.) (d) Circular dome with applied compression (experiment 4). 

(e) Circular dome with applied compression (experiment 5). 
 

The fault patterns are very similar to that produced by elliptical doming without applied extension. The 

differences are that with applied extension more normal faults on the crest and flanks are roughly parallel with 

the long axes of the domes, fewer normal faults develop on the flanks, and many normal faults form outside the 

area of doming. Rose diagrams show the effect of applied extension on the fault pattern produced by elliptical 

doming (Fig. 11). With elliptical uplift alone,     of the fault trends are roughly perpendicular        to the 

applied extension direction from experiments 7 and 8; with the applied extension rate slightly more than half the 

uplift rate (experiment 7),     of the fault trends are roughly perpendicular 



 

tectonics of the pachmarhi  9. 

 

DR.N.L.DONGRE 

 
 

Figure 8.Tracings of fault patterns produced by circular doming and simultaneously applied compression, (a) Fault 

pattern with applied compression rate and uplift rate approximately equal (experiment 4). (b) Fault pattern with 

applied compression rate approximately twice uplift rate (experiment 5). Arrows show applied compression 

direction, dashed line is approximate location of periphery. FIG. 9—Tracings of fault patterns produced by elliptical 

doming at    ,     and        of uplift (experiment 6). Faults on crest and flanks are primarily normal faults. 

Dashed line is approximate location of periphery. 
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        to the applied extension direction; and with the applied extension rate approximately one and a half 

times the uplift rate (experiment 8),     of the fault trends are roughly perpendicular        to the applied 

extension direction.  

Figure 12 shows the fault patterns produced by elliptical doming with simultaneously applied 

compression (experiments 9 and 10). Many normal faults form on the crests and flanks and trend 

perpendicularly to the long  

                                                 

                                                   

                                    
 

Figure: 9. Tracings of fault patterns produced by elliptical doming at    ,     and        of uplift (experiment 6). 

Faults on crest and flanks are primarily normal faults. Dashed line is approximate location of periphery. 
 

axes of the domes. Bartram, J. G., 1929 .Toward the ends of the long axes these faults splay outward. Strike-slip 

faults develop on the flanks, and reverse faults form near the periphery of the dome in experiment 10. The 

strike-slip faults trend about     from the applied compression direction and the reverse faults trend 

approximately perpendicularly to it. The strike-slip and reverse faults form in experiment 9 only with more than        of uplift. Increasing the applied compression causes more faults to trend  
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Figure: 10.Tracings of fault patterns produced by elliptical doming and simultaneously applied extension. Faults are 

primarily normal faults, (a) Fault pattern with applied extension rate slightly more than half of uplift rate 

(experiment 7). (b) Fault pattern with applied extension rate one and a half times uplift rate (experiment 8). Arrows 

show applied extension direction. Dashed line is approximate location of periphery. 

 

parallel with the applied compression direction (Fig. 11). In particular, with elliptical uplift alone, 10% of the 

faults trend roughly parallel         with the applied compression direction from experiments 9 and 10; with 

the applied compression rate about half the uplift rate (experiment 9),     of the faults trend roughly parallel        with the applied compression direction; and with the applied compression rate approximately equal to 

the uplift rate (experiment 10),     of the faults trend roughly parallel         with the applied compression 

direction. 

Analytical Models 
            Domes form when tectonic processes such as salt diapirism, igneous intrusion, or basement block 

faulting bend the overlying layer of rock. To model doming analytically, these geologic conditions are 

approximated in four steps. First, we represent the layer of rock to be domed by a thick plate. The plate is 

perfectly elastic, linearly elastic, homogeneous, and isotropic. Second, we simulate doming by clamping the 

edge of the thick plate and applying a uniform pressure beneath it. Appendix 1 describes these conditions 

mathematically. Third, we determine the stress state within the thick plate produced by doming. Appendix 1 

provides equations for the stresses. Finally, we assume Anderson's (1942) relationship between stress and brittle 

faulting to predict the fault patterns produced by doming.  
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Fig. 11. Rose diagrams from elliptical dome experiments. Rose diagrams show fault trends (based on length) from 

lower right quadrant of elliptical domes with        of uplift. Outward directed arrows indicate applied extension 

direction and inward directed arrows indicate applied compression direction, (a) Elliptical dome (experiment 6). (b) 

Elliptical dome with applied extension (experiment 7). (c) Elliptical dome with applied extension (experiment 8). (d) 

Elliptical dome with applied compression (experiment 9). (e) Elliptical dome with applied compression (experiment 

10). 

Although our mathematical representation of rock behaviour and of the conditions that produce doming 

is simple, it is general enough to allow us to model several types of domes. The clamped edge of the thick plate 

can be either circular or elliptical in outline. In addition, we can analytically model domes formed in the 

presence of either regional extension or compression.  
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Figure: 12.Tracings of fault patterns produced by elliptical doming and simultaneously applied compression, (a) 

Fault pattern with applied compression rate about half of uplift rate (experiment 9). (b) Fault pattern with applied 

compression rate approximately equal to uplift rate (experiment 10). Arrows show applied compression direction. 

Dashed line is approximate location of periphery. 

 

The stresses for a thick, elastic plate which has been uniformly extended or compressed are given in Appendix 

1. Superposition of these stresses with those produced by doming suggests the stress state for domes formed in 

the presence of either regional extension or compression. 

Stresses 
 

Three principal stresses define the stress state on the surface of a dome (Baldwin, J. N.  Barron, A. D.  

Kelson, K. I. Harris, J. B May 2002) One principal stress is normal to the surface and is always zero (Talwani 

Pradeep and Durá-Gómez Inmaculada Sep 2009). Two principal stresses, hereafter called horizontal stresses, act 

on planes perpendicular to the surface. We define zone A as the zone where both horizontal stresses are tensile, 

zone B as the zone where one horizontal stress is compressive and one is tensile, and zone C as the zone where 

both horizontal stresses are compressive. 
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Figure: 13. Stress state for circular domes. Short, thin lines show direction of greatest compressive (least tensile) 

horizontal stress. In zone A, horizontal principal stresses are tensile; in zone B, one horizontal principal stress is 

tensile and one is compressive; and in zone C, horizontal principal stresses are compressive, (a) Circular dome, (b) 

Combined doming and applied extension. Arrows show applied extension direction, (c) Doming with twice as much 

applied extension, (d) Combined doming and applied compression. Arrows show applied compression direction, (e) 

Doming with twice as much applied compression. Tick marks show plate centers. 
 

For a circular dome, zone A occurs on the crest, zone B on the flanks, and zone C near the periphery 

(Fig. 13a). The direction of the greatest compressive horizontal stress (i.e., the least tensile horizontal stress) is 

radial in all zones. With circular doming and simultaneously applied extension, zones A and B are larger, zone 

C is smaller, and the direction of the greatest compressive horizontal stress is nearly perpendicular to the applied 

extension direction (Fig. 13b, c). With circular doming and simultaneously applied compression, zone A is 

smaller, zones B and C are larger, and the direction of the greatest compressive horizontal stress is nearly 

parallel with the applied compression direction (Fig. 13d, e). 

 The stress distribution on the surface of an elliptical dome is similar to that of a circular dome (Fig. 

14a). The direction of the greatest compressive horizontal stress, however, is no longer radial. Instead, it trends 

parallel with the long axis of the dome near the crest and radiates outward near the periphery. (Deng. T, Wang, 

X. Fortelius ,M. Li, Q.  Wang, Z.J., Tseng, G.T. Takeuchi,J. Saylor,E. Saila, L.K. and Xie, G. September 2,2011 

)The stress distribution produced by elliptical doming and simultaneously applied extension is similar to that of 

elliptical doming alone, but zone A is larger and zone C is smaller. With elliptical doming and simultaneously 

applied compression, the size of zone A diminishes, zones B and C are larger, and the direction of the greatest 

compressive horizontal stress is nearly parallel with the applied compression direction. 

Relation between Stress and Faulting 
            The fault patterns produced by doming can be predicted by coupling the stress solutions presented in the 

previous section with the theory of faulting developed by Anderson (1942). Anderson proposed that faulting is 

related to the orientation of the three principal stresses. He concluded that thrust faults form when the greatest 

and intermediate compressive principal stresses are horizontal. The thrust faults strike parallel with the direction 

of the intermediate compressive principal stress and dip about      Normal faults form when the least and 

intermediate compressive principal stresses are horizontal. The normal faults strike parallel with the direction of 

the intermediate compressive principal stress and dip about    . Strike-slip faults form when the greatest and 

least compressive principal stresses are horizontal (King, J. Harris, N.  Argles,T. Parrish R., and Zhang H.  

January 1, 2011),(Styron, R. H. Taylor, M. H. and Murphy M. A.) April 1, 2011. The strike-slip faults trend at 

an angle of     from the direction of the greatest compressive principal stress and are vertical. 
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Figure: 14 . Stress state for elliptical domes. Short, thin lines show direction of greatest compressive (least tensile) 

horizontal stress. In zone A, horizontal principal stresses are tensile; in zone B, one horizontal principal stress is 

tensile and one is compressive; and in zone C, horizontal principal stresses are compressive, (a) Elliptical dome, (b) 

Combined doming and applied extension. Arrows show applied extension direction, (c) Doming with twice as much 

applied extension, (d) Combined doming and applied compression. Arrows show applied compression direction, (e) 

Doming with twice as much applied compression. Tick marks show plate centers. 
 

Fault Patterns 
 

The fault pattern for a circular dome (Fig. 15a) consists of a central zone of normal faulting (zone A), a zone of 

strike-slip faulting (zone B), and a peripheral zone of thrust faulting (zone C). Normal faults are radial and dip 

about      strike-slip faults trend     from the radial direction and are vertical, and thrust faults are concentric 

and dip    . Berg, R. R., 1976 These are only potential fault zones. For example, normal faulting occurs at the 

crest of a dome only if the rock strength is exceeded. With circular doming and simultaneously applied exten-

sion, the area of potential normal and strike-slip faulting expands, while the area of potential thrust faulting 

diminishes (Fig. 15b, c). Normal faults strike almost perpendicularly to the applied extension direction, and 

strike-slip faults trend about     from it. With circular doming and simultaneously applied compression, the 

area of potential normal faulting shrinks while the areas of potential strike-slip and thrust faulting expand (Fig. 

15d, e). Normal faults (if any) trend parallel with the applied compression direction, strike-slip faults trend about     from it, and thrust faults strike almost  

Perpendicularly to it 

The potential fault pattern for an elliptical dome (Fig. 16a) has a central zone of normal faulting (zone 

A). The normal faults strike parallel with the long axis of the dome at the crest and splay outward toward the 

ends of the long axis. All normal faults dip about      The central zone of normal faulting is surrounded by a 

zone of potential strike slip faulting (zone B) and a zone of potential thrust faulting (zone C) near the periphery. 

The thrusts strike parallel with the edge of the elliptical dome. The fault patterns produced by elliptical doming 

and simultaneously applied extension are similar to that produced by doming alone (Fig. 16b, c). The areas of 

potential normal and strike-slip faulting are larger, and the area of potential thrust faulting is smaller. With 

elliptical doming and simultaneously applied compression, the area of potential normal faulting diminishes, and 

most normal faults trend approximately parallel with the applied compression direction (Fig. 16d, e). The areas 
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of potential strike-slip and thrust faulting are larger. Strike-slip faults trend about     from the applied 

compression direction, and most thrust faults strike perpendicularly to it. 

 

 
 

Figure: 15. Potential surface fault patterns for circular domes. Short, thin lines show direction of greatest 

compressive (least tensile) horizontal stress, and thick, solid lines indicate possible fault trends. Zone. A contains 

normal faults, zone B contains strike-slip faults, and zone C contains thrust faults, (a) Fault pattern for circular 

dome, (b) Fault pattern for combined doming and applied extension. Arrows show applied extension direction, (c) 

Fault pattern for doming with twice as much applied extension, (d) Fault pattern for combined doming and applied 

compression. Arrows show applied compression direction, (e) Fault pattern for doming with twice as much applied 

compression. Tick marks show plate centers. 

 

Comparison of Model Results 
Fault Patterns for Circular Domes (Fig. 17).Both the experimental and analytical models show that for circular 

domes forming without regional extension or compression, faults on the crests have normal offsets. These faults 

trend radically according to the analytical models. Faults on the flanks have predominantly normal offsets and 

radial trends according to both modeling techniques. The analytical models predict zones of potential strike-slip 

and thrust faulting near the peripheries, but no such faulting occurs in the experimental models. 

 Both modeling techniques show that with regional extension during doming, most normal faults on the 

crests of circular domes trend perpendicularly to the regional extension direction. Faults on the flanks have 

predominantly normal offsets and many strike obliquely to the regional extension direction. Strike-slip faults 

trending about     from the regional extension direction may form near the peripheries. 

Both modeling techniques suggest that with regional compression during doming, most normal faults 

on the crests and flanks of circular domes strike parallel with the regional compression direction. Strike-slip 
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faults trending about     from the regional compression direction may also form on the flanks; while thrust or 

reverse faults striking approximately perpendicularly to the regional compression direction may develop on the 

peripheries. 

The results of the experimental and analytical models are very similar. They are not identical, however 

because of differences in the modeling techniques. For example, soft clay, a material which deforms per-

manently by flow and faulting, represents rock in the experimental models, whereas an elastic plate, a material 

which resumes its original form after the removal of the bending force, represents rock in the analytical models. 

The relationship among stress, strain, and faulting for the soft clay in the experimental models is complex 

(Oertel, 1965), whereas we assume a relatively simple relationship between stress and faulting in the analytical 

models. The experimental models show changes in the fault patterns with time, whereas the analytical models 

predict only the initial stress and strain states and potential fault patterns. 
 

 

 
 

Figure: 16. Potential surface fault patterns for elliptical domes. Short, thin lines show direction of greatest 

compressive (least tensile) horizontal stress, and thick, solid lines indicate possible fault trends. Zone A contains 

normal faults, zone B contains strike-slip faults, and zone C contains thrust faults, (a) Fault pattern for elliptical 

dome, (b) Fault pattern for combined doming and applied extension. Arrows show applied extension direction, (c) 

Fault pattern for doming with twice as much applied extension, (d) Fault pattern for combined doming and applied 

compression. Arrows show applied compression direction, (e) Fault pattern for doming with twice as much applied 

compression. Tick marks indicate plate centers. 
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Comparison of Model Fault Patterns with Observed Fault Patterns 
The results of our model studies do not apply to all domes. The experimental and analytical models 

show only surface fault patterns, and the results of this study apply directly to strata near the upper surfaces of 

domes. The slopes of the flanks in the experimental models never exceed      and the analytical solutions in 

Appendix 1 are valid only for infinitesimal strains. Thus, the results of this study apply directly to gentle domes. 

Both the soft clay in the experiments and the thick plate in the analytical models are homogeneous. Domed rock 

with many pronounced preexisting in-homogeneities, such as faults, foliation, cleavage, or bedding, may deform 

differently than our models predict. Despite these limitations, the results of this study can apply to many domes, 

as the following examples show. 

 

FAULT PATTERNS FROM MODELS 
 

               — Normal        —Strike-Slip   — Reverse 

 

 
 

Figure: 17. Fault patterns from models 
 

Domes above Deep-Seated Salt Diapirs  
The Pachmarhi domes are gentle dome above. It is slightly elliptical in shape with its long axis trending 

northeast- southwest (Fig. 18). Normal faults on the crest strike parallel with the long axis and radiate outward 

at both the north and south ends of the dome. The fault pattern of the Pachmarhis dome is very similar to the 
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fault patterns from our models of elliptical domes forming without a significant amount of regional strain 

(Figure.17). 

         These are roughly circular domes traversed by several         trending normal faults (Fig. 19). No 

significant amount of radial normal faulting exists. This fault pattern is similar to the fault patterns from our 

models of circular domes formed with regional extension (Fig. 17). Thus, our models suggest that regional 

extension accompanied the formation of the dome and that the regional extension direction trended 

approximately northwest-southeast. This extension direction correlates well with the extension direction 

suggested by major normal faults in the south eastern Pachmarhis. 

In the, uplifted blocks of crystalline basement have folded the overlying sedimentary cover into 

elongate domes. The Pachmarhis has been folded by rotation of rigid blocks, whereas much of the Triassic 

section has been folded by ductile flow. Typically, the uppermost has been very gently folded. I agree that some 

regional compression accompanied this folding, although they disagree on the amount of regional compression. 

 

 
 

Figure: 18. Fault pattern of the Dhupgarh dome, (a) Map view. Structure contours (in feet) above top of  Dhupgarh. 

Thick, solid lines are normal faults, and dashed line shows location of cross section, (b) Cross-sectional view. Stippled 

area is Dhupgarh, thick lines are normal faults, dashed lines show fault line contact, and dotted lines show contact 

from boundary line fault. 
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  Figure: 19. Fault pattern of the Pachmarh hills. Structure contours (in feet)       (     ) Thick, solid lines            

  are normal faults. 
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 Figure: 20. Fault pattern of the Chauragarh dome (a) Map view. Structure contours (in feet), on top of second   

Frontier sand. Thick, solid lines are normal faults. (b) Cross-sectional view. Stippled areas are fault line scapment; 

thick, solid lines are normal faults; very thick, solid lines show base of shallow productive zones. 
 

The Patalkot dome is a gentle, elliptical northwest-southeast trending structure overlying a deep-seated 

block of crystalline basement. The dips on the flanks of the structure range from    to      Surface and 

subsurface mapping show two prominent sets of faults (Fig. 20). The most important fault trend is northeast-

southwest perpendicular to the long axis of the dome. The offset on these faults ranges from        , and 

field work has shown that many faults have normal and/or strike-slip offsets. The other fault trend is northwest-

southeast parallel with the long axis. These faults are found near the crest of the structure and are much more 

common near the north and south ends of the dome.  I believed that all of these faults are relatively shallow 

features. The fault pattern of the Patalkot dome is remarkably similar to model fault patterns of elliptical domes 
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forming with regional compression perpendicular to their long axes (Fig. 17). Thus, our models support the 

assumption that regional compression accompanied the faulting of the basement and the forced folding of the 

sedimentary cover. The northeast-southwest compression direction suggested by our models correlates well with 

the general compression. 

Conclusions 

1. The results from experimental (clay) models and analytical models of doming with simultaneous regional 

strain are similar. Both modeling techniques show that regional strain, either extension or compression, signifi-

cantly affects the fault patterns produced by doming. 

2. With regional extension, many normal faults on the crests and flanks trend perpendicularly to the extension 

direction, and strike-slip faults trending     from the extension direction form near the peripheries. 

3. With regional compression, many normal faults on the crests and flanks strike parallel with the compression 

direction. Strike-slip faults trending     from the compression direction also form on the flanks, and reverse 

faults striking perpendicularly to the compression direction develop on the peripheries. 

4. The models suggest that the Dhupgarh dome, formed without a significant amount of regional strain, the 

dome of the Pachmarhi hills and Patalkot formed with northwest-southeast regional extension. 

 

 
 

FIG. 21—Analytical model of doming where     and   are axes of a right-handed coordinate system,   and b are 

major and minor axes of thick plate,    is plate thickness,   is magnitude of pressure beneath plate, w is vertical 

deflection, and   in outward normal to plate edge. Tension is positive. 

 

Description of Analytical Model 

The coordinate system and the stress notation are shown in Figure 21 where          and    are normal stresses 

and    ,    , and     shear stresses. Tension is positive. 

Stresses in a Thick, Elastic Plate Bent by Uniform Pressure 

A thick, elastic plate clamped at its edge and bent by a uniform pressure (p) along its base simulates 

domed rock. The axes of the thick plate are   and    and    is the plate thickness. If    , the plate is circular 

in shape; if     the plate is elliptical in shape. The clamped edge is defined as      and            at     and      ⁄ , +(    ⁄ where  ,   and   are the horizontal and vertical displacements and   is the outward 

normal to the edge of the plate. No shear stresses exist on the top or bottom of the thick plate                           
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Love (1934) provided the general solutions to this problem. Using his solutions and satisfying the 

boundary conditions listed above, the stresses within the plate are         (  ) ,                   ⁄     (   )      *(   )   +  *    (   )   +  (   ) *(   )   +  (   )(   ) * (   )   + (   ) (   ) * (   )    +  -         (  ) ,                   ⁄     (   )      *(   )   +  *    (   )   +  (   ) *(   )   +  (   )(   ) * (   )   + (   ) (   ) * (   )   +  - 

       *(   )   (  )   + 
             (  ) (  ) (  ) (   ) (  )      

        *  (   )+ * (   )   + (     ) (  )      

 

        *  (   )+ *(   )   + (  ) (  )      

 

where    is Poisson's ratio and          ⁄⁄     ⁄     The stress states shown in Figs. 13a and 14a were 

determined by assuming                       ⁄⁄   and        in Figure 13, b/a = 1.00, and in 

Figure 13,  ⁄       Figure 14,   ⁄      . 

Stresses for an Extended or Compressed Elastic Plate 
The stresses in a plate extended or compressed in the  -direction are      ,      ,      ,                , 

where   may be positive (tensile) or negative (compressive).The stresses in a plate which is 

simultaneously uplifted and extended or compressed are found by adding solutions    and   . In Figures 13b, 

14b, 15b, and 16b, the value of     ⁄                     ; in Figures 13c, 14c, 15c, and 16c, the 

value of              ;in Figures 13d, 14d, 15d, and 16d, the value of      ⁄         ;and in Figures 

13e, 14e, 15e, and 16e, the value of               . 
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Experiments carried out in the laboratory of Jaypee Cement, Rewa  

 

 
 

Figure 22.The Kala Pathar  
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Figure 23.The Chauragarh Mountain  
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Figure24.The Great Mahadeva 
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Figure 25.The Dhupgarh Mountain. 
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Figure 26.The Tamia Mountain. 
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Figure 27.The Denwa Rift Valley  
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Figure 28. 
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Figure 29. 
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Figure 30. 
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Figure 31. 
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Figure 32.Jatashankar Rift  

Tectonic Dome Mountains 
           In this type, the dome is tectonically uplifted or arched up over a broad radius, leading to quaqua- versal 

dips (radiating omnidirectionally). Fine examples in Pachmarhis are the Dhupgarh, Mahadeva, Chauragarh, 

Belkandhar, Brijlaldeo, Belkandhar, Pacmmarhi hills, Tmia, KalaPahar and Jarmandei Dome. In each, a core of 

Precambrian basement is exposed, overlapping which is a ring-shaped belt of Paleozoic and younger platform-

type sediments. Interesting drainage patterns developed, consequent streams in a radial pattern, modified by 

subsequents in an annular pattern. 
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