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Abstract 
The boudins can be of symmetric as well as asymmetric type and can help in 
determining shear sense and help unfold the deformational history, hence are 
important structure for recognizing the history of deformation in an area; 
Once the rocks of an area undergo polyphase of deformation, the boudins get 
modified and can no longer help in determining the deformational evidences. 
The present study involves identification of various types of boudins their 
classification and morphology as per existing status of knowledge and their 
role in determining the type of deformation in Neem Ka Thana belt, Prote-
rozoic rocks of North Delhi fold belt. The study of symmetric, asymmetric 
and modified boudins in the area enabled the author to deduce that the rocks 
in above belt have suffered a ployphase deformation marked with flattening 
type of progressive deformation during the first phase (DF1) of deformation 
and the second phase (DF2) with a time gap, has produced modified boudins 
and folded boudin structures with the largely same axis of deformation in 
both these deformations. 
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1. Introduction 

The Neem ka thana area, Sikar District, Rajasthan, exposes proterozoic sedi-
ments of Delhi Supergroup of rocks predominantly composed of marls (Figure 
1), with some quartzites and banded calcareous semipelites pertaining to Ajab-
garh group and a thick arenaceous sequence of Alwar Group characterized by  
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Figure 1. Geological map of the NorthDelhi fold belt, depicting the location of study area. 
 

brecciated and ferruginised quartzites with occasional pebbly horizons within it. 
The whole sequence has been folded into map scale antiform and synforms per-
taining to the second deformation. The evidences of first deformation are also 
recorded in terms of root less tight to isoclinal folds [1]. The third deformation, 
as expected, is feeble and has only been demonstrated in terms of disjunctive 
cleavage and some sympathetic mesoscopic slips along east west direction [2]. 
Besides usual planner elements of structure like bedding and schistocity, the area 
exposes a variety of features indicative of intense shearing of the rocks. The shear-
ing has accompanied first deformation as well as the second. Evidences of the 
same are clearly recognizable in the area. The shearing is demonstrated in varie-
ty of features like stretching of grains and minerals like scapolite [3] [4], breccia-
tion of more competent rocks like quartzite, development of pinch and swell 
structures, limb shears, grain rotation, developments of sigmoids, dragging of 
rocks, tension gashes filled and open, and to top the above all features a large va-
riety of boudins [5] [6]. The present topic of discussion will be types of bodings 
and their significance in determining the type and degree of shearing. 
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Boudinage is a very common structure which helps the geologist understand 
“who is stronger than who?” and helps them guess the physical conditions at 
which deformation took place. The term boudin was first used in 1908 [7] for 
shortened boudin or mullions in Bastogne in Belgium. The exact definition and 
meaning of the terms boudin and boudinage have changed through much of the 
twentieth century, but there is now consensus that boudins are extensional 
structures formed by layer-parallel extension, while boudinage is the process that 
leads to the formation of boudins from originally continuous layers [8]. 

Boudin structures were first described and named [7] [9]. The large varieties 
that occur in nature have been the subject of considerable study [10]-[29]. Clas-
sic boudins form where single competent layers are extended into separate piec-
es through plastic, brittle or a combination of plastic and brittle deformation 
mechanisms. The boudin aged layer is located in a rock matrix that deforms 
plastically. Boudins are separated by brittle extension fractures or by shear frac-
tures that may be symmetric or asymmetric; instead of fractures, boudins may 
also be separated by narrow ductile shear zones that are confined to the bodi-
naged layer [30]. Boudinage style can also vary enormously, as the eye-shaped 
boudins are called “pinch-and-swell” structures. Indeed, when boudins are not 
entirely separated and are connected by a very thin layer, as if they were “pinched” 
by a finger. These structures suggest that both the boudinated layer and the sur-
rounding rocks are deforming in a ductile way. [30] proposed different types of 
boudin geometry, involving extensional fracturing; a) rectangular boudin, b) 
barrel shaped boudin, c) fish mouth boudin, d) unicorn boudin [31]. Classified 
boudins kinematic classes are: 1) symmetrical boudins, which do not experience 
slip on the inter-boudin surface, forming by no-slip boudinage, and 2) asymme-
trical classes with slip on the inter-boudin surface: synthetic slip boudinage 
(S-slip) and antithetic slip boudinage (A-slip) with respect to bulk shear sense. 

No consistent nomenclature for boudin structural elements or geometric pa-
rameters has been adopted in the literature, even for the simplest system of 
symmetric boudinage [14] [32]-[39]. Considering a suite of nomenclature for 
structural elements and geometric parameters that uniquely describes all possi-
ble boudin structures is adopted. The structures including: 1) Object boudin. 
boudinage of a competent object of limited dimensional extent such as a mineral 
grains termed as 2) Single-layer boudinage of a competent layer in a less compe-
tent host, 3) Multiple layer boudinage: a packet of thin competent layers, a varia-
tion of this “composite boudins” composed of boudinaged sub-layers within a 
boudinaged packet of layers, giving Nested boudins of different scale, 4) Folia-
tion boudinage, of a foliated rock devoid of, or irrespective of, layers of differing 
competence were described [36] [37], End member boudin block geometries by 
considering all kinematic and geometric criteria, Goscombe et al. 2004, have 
suggested a detailed classification and the same has been followed for the pur-
pose of present study to name the different types of boudins recorded from the 
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studied area. 

2. The Observations from the Study Area and  
Interpretations There of 

Boudins come in different shapes depending on how they behaved during de-
formation. The different shapes relate to the competence contrast across the 
boudinaged layer and of the type of fracture that forms extension or shear frac-
tures [38]. Rectangular shaped boudins form when they are not deformed inter-
nally, when the boudinaged layer behaves completely stiff or brittle. Barrel-shaped 
and fish-mouth boudins result, when the boudins deform plastically along their 
margins. Asymmetrical boudins can be used as a shear sense indicator if they 
have orientation. Boudins develop significantly in pure shear alone; can also 
bring asymmetry of initially squarish clasts if embedded in a matrix of consi-
derably different viscosity [39] [40]. Symmetry of boudinaged clasts too depends 
on competency contrast between the matrix and clast in some cases, and on the 
degrees of slip of inter-boudin surfaces and pure shear [41]. Generally, the bou-
dins in the Neem ka thana belt are non oriented, symmetrical, and modified and 
complex structures [42] [43], hence do not help as direct shear sense indicators, 
and comparable with the bulk shear sense. However few instances of conjugate 
shears depicting both dextral and sinistral sense of shearing have been observed. 
Despite being symmetrical in nature, significant information on type of shearing 
and episodes of shearing has been obtained from the boudin structures of the 
belt. The Proterozoic rocks in parts of Neem Ka thana comprise a marly sequence 
providing an ideal sequence for boudinaging, as there is a competence contrast 
in carbonate, semipelitic and quartzite. The shearing evidences are recorded in 
terms of stretching, pinch and swell, limb shears, attenuated limbs and ductile 
flow of the material [43]. The boudins are developed all through the belt at dif-
ferent stratigraphic levels and in different lithologies. The various types of bou-
dins recognized and studied in the belt are listed under using the classification 
proposed by [35], 1) Torn boudins. 2) Chocholate tablet boudins. 3) Drawn 
boudins. 4) Necked boudins and pinch and swell structure. 5) Tapering boudins. 
6) Fish mouth boudins. 7) Shear band type boudins and 8) Modified boudins. 

2.1. Torn Boudins 

This type of boudins develops generally in the competent rock where the shear 
along the extension direction is maximum and the component of shear ortho-
gonal to maximum shear plane is small. Rhombic or square fragments of the 
rock result under extension/shear, with these fragments having no sense of rota-
tion and hence symmetric. Such features have been recorded from the Ajabgarh 
quartzite in the area, which are single layer as well as multilayer torn boudins. 
(Figure 2(a) & Figure 2(d)). Here in the Figure 2(a) the ferruginised quartzite 
rock unit has produced torn boudinns of the elongated block type, some of  
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Figure 2. Shearing evidences and types of boudins from east of Gursali ki Dhni area, Neem ka Thana 
belt. (a) Brittle shearing involving multilayer boudinaging producing predominantly torn boudins, 
besides folded boudins; this suggests more than one episodes of shearing. (b) Quartzite layer enclosed 
within the ferruginous mass producing torn boudins, subsequently folded during post shearing de-
formation, suggesting at least two deformation episodes. (c) Huge Quartzite boulder occurring as bou-
din, exhibiting swerving of carbonaceous phyllite rock around it which acts as inter-boudin surface and 
exhibits foliation which is folded. (d) Torn boudins of different size involving multiple layers. 

 
which are necked without any sense of rotation while some are folded. The mul-
tilayer torn boudins in Figure 2(b) have been folded. This is difficult to decipher 
whether the rock was folded first and boudinaged latter or vice versa. The pro-
gressive continued shearing involves folding and then boudinaging [36]. This 
means that during continuous deformation, a layer may be first shortened and 
possibly folded, and then boudinaged, but NOT first boudinaged and then 
folded [44]. For this reason, if shortened boudins are found, this is evidence for 
either an unusual flow type without rotating flows, like in an eddy, or that de-
formation is polyphase, with a change in the orientation of principal shortening 
directions between periods of deformation [44], In practice, it may not be possi-
ble or useful to determine exactly what combination of deformation was in-
volved in the formation of a modified boudin structure. However, in all cases it 
is useful to know that such overprints exist, since they indicate a change in the 
nature of deformation in an area [36]. In the present case, it is important to de-
cipher whether the formation of boudin and folding of the same is the result of 
same progressive deformation or it involved multiple generation of deformation. 

Some modified boudins are straight forward to recognize, but others may 
closely resemble simple single-phase boudins. In all cases, crucial information is 
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stored in both the inter boudin zone and any enveloping foliations present along 
the boudin exterior. In reworked boudin structures, this includes shortening or 
folding of inter-boudin vein infill, or solution or crenulation cleavage development 
in the inter-boudin zone or over the boudin exterior [35], Figure 2(b) clearly de-
monstrates folding of the boudin and also the enveloping surface which is car-
bonaceous phyllite here, exhibiting swerving around of the boudin block by en-
veloping surface (Figure 2(c)), and ferruginous material as matrix has filled the 
inter boudin space and minor quartz veins in inter boudin surface appear folded 
(Figure 2(a)). These features might suggest these modified structures to be 
product of multiple deformation events. 

2.2. Drawn Boudin 

Drawn Boudin is the another common structure found in the area and mostly 
preserved in the quartzitic/sandy partings within the carbonate, besides symme-
trical non oriented fragments of vein quartz, called drawn boudins. In fact the 
features exhibited in Figure 3(a) and Figure 3(b) depict a transition between 
the torn and drawn boudin, the quartz vein boudin in Figure 3(a) has under 
gone some rotation but is nonindicative, while the host has yielded under ductile  

 

 
Figure 3. Various types of boudins from Dariba and Kharagbinjpur area, Neem ka Thana belt [6]. 
(a) Asymmetric drawn boudins without rotation. Note the plastic deformation of matrix/enveloping 
surface. (b) Chocolate tablet boudins. Note the inter-boudin surface (Sib) occupied by plastically 
deformed matrix, exhibiting flowage/folding of the enveloping surface, case of large competence 
contrast between boudin and host. (c) Quartz vein within dolomite Pinch and swell structure, with 
boudins barely connected, leading to development of necked boudin. (d) Quartz vein with in dolo-
mite producing Pinch and swell structure with large aspect ratio (L/W) and curviplanner, parallel 
Se (boudin exterior). 
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deformation due to low competence and shows folding. The progressive shear-
ing here caused the carbonate host get folded and the quartz vein block to un-
dergo certain rotation after being torn in to boudins. Figure 3(b) also depicts a 
sort of torn boudin with its faces parallel to each other and no rotation. The 
chocolate tablets boudins can form by two sets of extension fractures, one paral-
lel and other perpendicular to the lineated rock [44] are produced due to sig-
nificant difference between the stress along and orthogonal to the linear sur-
face/foliation. Here it can be inferred that initially the extension along the linear 
plane was more then along the axis orthogonal to it, causing fracturing of the 
quartzitic material by extension but as the deformation continued there appears 
to be change in the stress component orthogonal to the foliation/linear plane 
causing the rotation of the block and folding of the enveloping surface due to 
ductile yielding of the same due to large competency contrast in clast and host. 

2.3. Necked Boudins 

Necked boudins are also called pinch-and-swell structures in the literature [11] 
[22] [33] [34]. Necked boudin “blocks” have moderate aspect ratios (L/W aver-
aging 2.6) and are typically of classical boudin shape with bi-convex exteriors 
and less commonly parallel exteriors with a thinned inter boudin neck zone as-
sociated with host inflow [35]. 

Here in Figure 3(c) and Figure 3(d) both the varities could be observed from 
the study area. The boudin train in Figure 3(c) demonstrates both the stages, as 
the inter-boudin neck is barely connected in the left segment of Figure 3(c), 
while in the right side of the figure, typical biconvex exterior boudin, with mod-
erate aspect ratio, can be observed. While Figure 3(d) shows rather parallel bou-
din exteriors and large aspect ratio in the left side boudin, the right side boudin 
exhibits transition from near parallel boudin exteriors to convex boudin exterior 
and the inter boudin neck barely connected. The inconclusive part rotation of 
slightly drawn/necked clast in 3(a) and chocolate boudin [44] in 3(b) accompa-
nied by plastic deformation of host suggests large competence contrast between 
the host and the clast. 

2.4. Tapering Boudin 

Tapering boudin blocks have curved shapes with biconvex exteriors and are typ-
ically drawn into pointed terminations but can also be rounded, resulting in 
symmetric boudins with lens/lozenge, or less commonly, sausage shapes. Hence 
the alternative names “lenticular” boudins [33] [34] and stretched layer [25]. 
The one such example depicted in Figure 4(a), where the boudin is having per-
fect shape with convex exteriors(Se) and pointed margins and isolated with no 
inter boudin neck. Tapering boudins with high aspect ratios also have high layer 
extension and boudin isolation (Figure 4(b)), suggesting that at high strain, the 
boudin block is being flattened concomitant with boudin separation [36]. Figure 
4(c) exhibits tapering boudin within the competent bed, while the lower layers  
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Figure 4. Various types of Boudins from the Quartzite-dolomite inter-layered sequence, Dariba 
area, Neem ka Thana belt [5]. (a) Tapering boudins exhibiting both outer surfaces biconvex exterior 
and the ends are in continuity with host, moderate aspect ratio (L/W), the modification of eastern 
end suggests second episode of shearing post boudinaging. (b) The multilayer drawn boudins; ends 
drawn as tails flowing with the host rock as plastic deformation, suggesting low competence con-
trast between the boudin and host. (c) Multilayer drawn boudins and pinch and swell structures in-
dicating transitions between different stages [47]. (d) Shear zone defined by attenuated fold hinges, 
where the enveloping surface displays translational boudins. 

 
show pinch and swell structure, may be due to thickness variation [45] [46]. The 
thicker beds are fractured in to tapering boudins, while within the same shear 
domain a thinner layer is pinched and swelled accompanied with the ductile 
shearing of the host [47]. Figure 4(d) demonstrates two different features: one is 
attenuated limbs of the folds due to progressive flattening type of shearing while 
the enveloping surface of the shear zone has developed dilatational fractures. 

2.5. The Fish Mouth Boudins 

The fish mouth boudins are in a way special category of tapering boudin where 
the margins get modified due to stress more active on margins and the clast and 
host have less competence contrast. The margins of the clast/boudin have a mod-
erate aspect ratio (L/W) and convex exterior (Se) become concave due to concen-
tration of stress on margins and modifying the margins. This is due to the maxi-
mum stress being concentrated on the boudin edges; resulting in internal defor-
mation of the boudin block and plastic deformation of the margins [33]. Figure 
5(b) & Figure 5(d) depict the fish mouth boudins. The degree of concave curva-
ture of boudin face, varies continuously from straight-face to fish mouth boudins  
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Figure 5. Various types of Boudins from the Quartzite-dolomite interlayer sequence, Dariba area, 
Neem ka Thana belt [42]. (a) Quartz vein exhibits necked boudins/pinch and swell structures in the 
maximum extension direction, while fractures develop in semipelite orthogonal to extension direc-
tion. (b) Multilayer carbonate-quartzite sequence in Dariba involved in formation of drawn bou-
dins, note the modification of the margins and folding of boudin; evidences of post boudinage 
shearing, the left part of the figure, a fish mouth boudin, with one margin of each being concave, 
suggests modification of boudin. (c) Quartzite layer within carbonate at Dariba, depicts develop-
ment of shear band like boudins, note the enveloping surface becoming sigmoidal and synthetic 
movement along the Sib (inter boudin surface). (d) Fish mouth boudin in sandy layer in impure 
dolomite from the belt; modification of margins indicates less competency contrast between the 
boudinaged material and host and a possible post boudinaging shearing. 

 
[26] [28] which are also called “fish-head” [35] or “extreme barrel-shaped” bou-
dins [33] [34], Fish mouth boudins are best developed in laminated rock types 
such as carbonates and by foliation boudinage [35]. 

2.6. Shearband Boudins 

Shearband boudins are asymmetric with rounded rhomb to tapering lens shapes, 
typically with relatively high aspect ratios. The obtuse edge of the boudin is often 
rounded and the acute edge is drawn into a tapering wing by drag on inter bou-
din surface (Sib) (Figure 5(c)). Dilation across Sib and associated vein infill al-
most never occurs. Sib is typically a thin ductile shear zone with associated duc-
tile grain refinement and grain-shape fabric [33]. All shear band boudins form 
by S-slip boudinage and are backward-vergent. Drag on Sib is almost always evi-
dent and synthetic to slip, a diagnostic feature that is responsible for the tapering 
sigma shapes of the boudin blocks. Shear band boudins of the sigmoid geometry 
are called “asymmetric pinch-and-swell structures” [20] [21] [27] drawing atten-
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tion to the continuum between symmetric drawn boudins and asymmetric shear 
band boudins. In addition shearband boudins have been variously named “type II 
asymmetric boudins” [24] “sigmoidal boudinage” [11] “shear-fracture boudinage” 
[28] “backward-rotatedshear-bandboudins” [29] “surf asymmetric pull-apart struc-
tures” [20] “asymmetric extensional structures” [25] and “asymmetric pull-apart 
structures”: type 2A without discrete Sib and type 2B with discrete Sib [21]. We 
have adopted the name shear band boudins because their geometry so closely 
resembles that of shear-band cleavages [19] [44] [45] [46] [48] and in a single 
word best invokes an image of their form. 

3. Boudin Modification 

It is generally observed in the older mountain terrains like Aravalli and Delhi 
that the boudins once formed are modified, because these terrains have suffered 
multiple episodes of deformation accompanied with intense shearing. The veri-
fication of the above fact could be made in the present study area also and the 
same has been described here with the help of structures indentified and ex-
plained here. Boudin modification can take place either in a progressive defor-
mation, where the high stress continues in a flattening type of deformation un-
der same set of stress environment or requires a separate deformational activity 
subsequent to the boudin causing deformation [33]. It is very easy to identify 
modified boudins in some cases, while it becomes very difficult to unfold the 
deformational history of the events involved in the formation of a complex 
structure and relate it to the same. The boudin structures in Figure 6(a) to Fig-
ure 6(c) exhibit evidences of modifications of the boudin, while in Figure 6(a) 
the torn boudin train appears to be folded, the Figure 6(b) indicates folded 
boudins, still Figure 6(c) seems to show shortening of the boudins causing the 
folding of enveloping surface. As suggested [35] that the modification of boudins 
can be of two forms; Reworked boudin structures experienced shortening sub-
sequent to formation [49]; those shortened in coaxial flow are called shortened 
boudins, in non-coaxial flow are called sheared boudins and where the boudin 
train as a whole has been folded, either in coaxial or non-coaxial flow, are called 
folded boudins. Reworked boudin structures form where boudins have been 
subjected to a second phase of deformation separated from the first by a signifi-
cant period of time, i.e. polyphase, non-congruent structures. Sequential boudin 
structures experienced continued extension; this can imply that deformation 
during subsequent episodes was similar to the original condition that caused the 
boudinage, i.e. progressive congruent structures [35]. In all cases, crucial infor-
mation is stored in both the inter boudin zone and any enveloping foliations 
present along the boudin exterior. In reworked boudin structures, this includes 
shortening or folding of inter-boudin vein infill, or solution or crenulation clea-
vage development in the inter-boudin zone or over the boudin exterior. This can 
be precisely witnessed in Figure 2(a) & Figure 6(a) where the inter boudin sur-
face has been filled with plastically deformed ferruginous material and which 
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Figure 6. Modified boudins from Gursali ki Dhani area, Sikar district [42]. (a) Quartzite band in-
volved in multilayer torn boudin formation, note the Sib being healed by plastically deformed fer-
ruginous material. The modification and folding of the earlier formed boudins, during subsequent 
deformation, off Gursali ki Dhani area. (b) Folded boudins in dolomite in Dariba area. Depicting 
more than one deformation/shearing episodes. (c) Tapering boudins in multilayer dolomite se-
quence, modified during the subsequent deformation causing shortening resulting in folding of the 
boudins as well as enveloping surface. Dariba area. (d) Open tension gashes and folded microli-
thons in siliceous dolomite Dariba area. 

 
shows folding on close observation. Similarly there are quartz veins [49] within 
the inter boudin space which are folded (see Figure 2(a) where a small quartz 
vein emplaced within Sib has been folded to produce a sigmoid boudin), imply-
ing ployphase deformation. Figure 6(b) depicts folded boudins, which probably 
were the torn boudins in the earlier stage and have been folded during the pro-
gressive deformation under continued shearing for a longer period, the folded 
boudins suggests a moderate contrast between the host and boudin in compe-
tency. Figure 6(c) clearly demonstrates the shortening of the boudin during the 
subsequent deformation. Further, this shortening has caused transverse fractures 
in the enclosing rock layer orthogonal to the stretching direction/direction of 
shortening. 

4. Discussion and Possible Inferences Drawn 

The boudins of multiple generations of sequential and reworked type structures, 
all record the strain history of a rock mass. Unlike deformation fabrics, boudins 
are difficult to completely rework and obliterate; thus multiple boudin genera-
tions can preserve palaeo stretching axis directions from different deformational 
episodes. The suite of boudin types developed during different deformational 
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episodes, and indeed between different study areas, is often distinct. Hence, bou-
dins may prove useful as indicators of flow regime during different deforma-
tional episodes and in characterizing different terrenes [50] [51]. Though it may 
not be very easy to unfold the deformational history based on boudin structures 
especially if they are not oriented, symmetrical boudins like in the present case. 
Because of that nature, they hardly help establishing the relation with the bulk 
shearing sense, but still they contribute in inferring, generations of deformation, 
that any area has suffered, from which they are studied. The modification of the 
boudin, here especially depicted in Figure 2(a) and Figure 6(a), suggests folding 
and not reworking meaning there by that the deformation was progressive in the 
particular episode, i.e. first deformation DF1(First fold of Delhi Orogeny), which has re-
sulted in production of the torn boudins under the brittle deformation, and the 
continued deformation allowed folding of the boudin under ductile regime. The 
same has been depicted in the production of necked and pinch and swell struc-
tures. Hence, this can convincingly be inferred that the one generation of de-
formation was progressive in nature producing the sequential boudins i.e. (DF1). 
The shortening of boudins accompanied by dilatational cracks orthogonal to ex-
tension direction, within the enveloping surface, suggests the reworking of the 
boudins produced during the earlier deformation, by subsequent deformational 
episode DF2 (depicted in Figure 6(c)). The folding and shortening of the bou-
dins including folding of the enveloping surface, presence of the fish mouth 
boudins, together indicate more strain on the margins and less competency con-
trast between the boudins and the host rock. All these features indicate a second 
episode of deformation post boudinaging. It is there for clear that the first de-
formation was progressive flattening type in nature which gave rise to various 
structures like torn boudin, necked boudin, pinch and swell structures and 
chocolate boudins including modification of boudins in terms of folding, while 
the reworked boudins including folded boudins, fish mouth boudins and folded 
boudins train are produced during the second deformation. Therefore, it could 
be clearly elucidated that the signatures of two different type of deformation 
could be identified and used to arrive at a conclusion. The boudin structures 
which are generally not studied for their larger role as an indicator of the defor-
mational history have been attempted here, possibly been used effectively, in es-
tablishing the type of deformation in the area. However, more data especially the 
measurement of such features and associated structures and mathematical cal-
culations to determine the actual shortening will be more helpful in precise in-
terpretation of deformation history. However, the field based study without any 
extra cost of generation of lab data is worth a try. 
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