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depth, SOC stock was 85.24, 80.82, 
55.84, 62.57 and 51.54 Mg C ha–1 under 
agroforestry system in Thane, Nashik, 
Chittoor, Tumkur and Bellary respec-
tively. SOC stock in the top 0–30 cm 
depth was 57.27 Mg C ha–1 compared to 
control (sole crop) with 49.64 Mg C ha–1 
in Thane (Figure 1). This value is  
about 1.15 times higher than that of the 
control. These values are comparable to 
those in the Mediterranean region (25–
50 Mg C ha–1)13,14 and better than 
27 Mg ha–1 of SOC stock in 0–60 cm 
layer for agroforestry systems in Central 
India15. In case of Nashik and Chittoor, 
the SOC stock under agroforestry system 
was 1.21 times more than the sole crop-
ping in 0–30 cm soil layer. While in Kar-
nataka, it was 1.58 times more in case of 
Tumkur district and 1.07 times more for 
Bellary district respectively. In the 0–
90 cm soil depth studied, especially the 
top 0–30 cm contributed almost 67% of 
the SOC stock in Thane and around 60% 
in Nashik, 56% in Chittoor and 60% each 
in Tumkur and Bellary. This might be 
due to the fact that trees along with her-
baceous layer of crops add a lot of organic 
matter to the soil, which is recognized as 
an efficient measure to sequester carbon 
and mitigate climate change. Improved 
carbon storage of the agroforestry system 
can also be explained by greater capture 
of resources such as solar radiation and 
water combining different components 
for enhanced biomass that is partly re-
turned to the soil through above- and 

belowground litter. The agroforestry sys-
tem existing in the farmer’s field not 
only provides food, fuel, and improves 
soil health, and helps in water manage-
ment, but also acts as a major sink for 
atmospheric CO2.  
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A new insight into age and environments of intertrappean beds of 
Mohgaon Kalan, Chhindwara District, Madhya Pradesh using  
palynology, megaflora, magnetostratigraphy and clay mineralogy 
 
The megaflora-rich intertrappean cherts 
near the village Mohgaon Kalan in 
Chhindwara District, Madhya Pradesh 
(Figure 1 a) has been known since 1934 
when K. P. Rode1 first reported dicoty-
ledonous woods from this intertrappean. 
Sahni and Rode2 carried out pioneering 
work on megaflora of this horizon and 
during the following seven decades nu-
merous additional megafloral remains, 
representing pteridophytes, gymno-
sperms, angiosperms, algae and fungi 
have been reported. However, despite 
numerous records of megafloral remains 

from this megafossil Lagerstatten3,4, the 
age, whether Maastrichtian or Palaeo-
cene5 has been difficult to pin down in 
the absence of unequivocal age marker 
fossils or any precise radiometric dating.  
 During the current field investigations 
for palynological study, multiple inter-
trappean sediments at different strati-
graphic levels within the Deccan 
volcanic sequence in Chhindwara area 
have been studied. The previous study6 
has shown that in the Mohgaon Kalan lo-
cality there are two intertrappean beds at 
two stratigraphic levels associated with 

three flows. The two upper flows (MKF2 
and MKF3) are exposed and the lower 
most flow (MKF1) occurs only as sub-
crops in the well sections (Figure 1 b). 
The sediments of the lower intertrap-
pean, including the one studied earlier7–9, 
occur between MKF1 and MKF2 in the 
well section. We designate the lower in-
tertrappean as Mohgaon Kalan Well Sec-
tion (MKWS) and the upper one as 
Mohgaon Kalan Fossil Forest (MKFF). 
The present study is aimed to understand 
the palynofloral composition in the 
MKWS and MKFF sediments for the 
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Figure 1. a, Map showing location of sections studied in Mohgaon Kalan locality. 1–9, MKWS well sections and 10–14, MKFF sec-
tions/outcrops. (1) Shriwas well, (2) Vishwakarma well, (3) Lodhi well, (4) Jamil well, (5) Hakim well-I, (6) Hakim well-II, (7) Idbibanu well, (8) 
Government well, (9) Srivastava well, (10) Mohgaon Kalan Nala section-I, (11) Mohgaon Kalan Nala section-II, (12) Mohgaon Kalan Hill section, 
(13) Jheria-I, (14) Jheria-II. b, Schematic section showing stratigraphic position of MKWS and MKFF intertrappean beds and associated flows 
MKF1, MKF2 and MKF3 (not to the scale). c, Representative lithosection of MKWS intertrappean as exposed in well sections. d, Lithosection of 
megaflora bearing MKFF intertrappean. Open and filled circles in Figure 1 a, represent sampled and palynomorph productive locations respec-
tively. 
 
 

age, depositional environments and cli-
matic conditions (Figure 1 c and d). For 
stratigraphic constraints palaeomagnetic 
studies were carried out for the flows 
MKF2 and MKF3. Clay mineralogy of 
MKWS sediments was also undertaken 
for environmental and climatic interpre-
tations. Standard analytical techniques 
were used for palynological analyses, 
clay mineralogy and magnetic polarity 
study. Clay mineral analysis and mag-
netic polarity studies were carried out at 
the Department of Geology, University 
of Delhi and Department of Geology, 
Pune University respectively.  
 Several workers sampled Shriwas well 
(Figure 1 a) and reported molluscs,  

ostracodes and egg shell fragments  
inferred to be dinosaurian and avian 
type7–9. The recovered palynomorphs 
were assigned to 22 genera and 26 spe-
cies and based on palynomorphs such as 
Aquilapollenites bengalensis, Gabonis-
poris vigourouxii, Ariadnaesporites and 
Triporoletes reticulatus and diosaurian 
egg shells, a Maastrichtian age was  
assigned to the sediment of the well  
section. During the present study, the 
MKWS sediments in nine well sections 
including the previously studied Shriwas 
well were sampled for palynology and 
clay mineralogy studies. Of these, only 
five wells (Figure 1 a) yielded good con-
centrations of palynomorphs assigned  

to 35 genera and 63 species. Some newly 
recorded palynomorphs are Ephedripites 
spp., Scollardia conferta, Crenwellia sp.,  
Jiangsupollis spp., Dipterocarpuspol-
lenites retipilatus, Incrotonipollis  
neyvelli, Intratricolpites brevis, Psilodi-
porites erdtmanii and Echitricolpites  
sp.  
 The palynoflora from the overlying 
megaflora-rich black chert of MKFF was 
first reported by Chitaley10. However, 
she gave only morphological description 
of some palynomorphs without any taxo-
nomic nomenclature and illustrations. 
Since then, there have been no further 
reports of any dispersed palynomorphs 
from this intertrappean. During the 



SCIENTIFIC CORRESPONDENCE 
 

CURRENT SCIENCE, VOL. 112, NO. 11, 10 JUNE 2017 2195 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

present study, five geographically sepa-
rated outcrops of MKFF (Figure 1 a) 
were sampled. Of these, three sections 
yielded well preserved palyno assem-

blage with marker Maastrichtian palyno-
taxa (Figure 1 a). The palynoflora from 
MKFF include 11 genera and 32 species. 
Some of the important recorded palyno-

taxa are Aquilapollenites bengalensis, 
Azolla cretacea, Ephedripites spp., 
Farabeipollis spp., Gabonisporis vigour-
ouxii, Proxapertites operculatus, 
Spinizonocolpites spp., Jiangsupollis 
spp., Echitricolpites sp. A and Nor-
mapolles group pollen (Figure 2).  
Palynoflora from MKWS and MKFF 
show close similarity, however MKWS 
has dominance of Ephedripites spp., 
Spinizonocolpites spp. and Proxapertites 
operculatus and MKFF has dominance of 
Azolla cretacea and Gabonisporis vig-
ourouxii. Qualitatively palynoflora of 
MKWS is more diverse probably due to 
better preservation condition.  
 The sediments of both the MKWS and 
MKFF at two stratigraphic levels are 
characterized by the presence of common 
Maastrichtian marker palynomorph forms 
such as Aquilapollenites bengalensis, 

 
 
Figure 2 a–i. Important palynomorphs from Mohgaon Kalan intertrappean sections (scale bar 
represents 10 m or otherwise mentioned). a, Gabonisporis vigourouxii (slide – MKKP-4, EF-
F34); b, SEM photograph of the similar pollen of Gabonisporis vigourouxii (scale bar 30 m); c,
Azolla cretacea (slide – MKKP-4, EF-R67); d, SEM photograph of the similar pollen of Azolla 
cretacea (scale bar 20 m); e, Aquilapollenites bengalensis (slide – MKGW-2-2, EF-B22/7); f,
SEM photograph of the similar pollen of Aquilapollenites bengalensis (scale bar 30 m); g, Ji-
angsupollis sp. A (Slide – MKHW-2-1, EF-V28/4); h, SEM photograph of the similar pollen of 
Jiangsupollis (scale bar 20 m); i, SEM photograph of Echitricolpites sp. A. (scale bar 50 m). 
 

Table 1. Magnetic polarity data of the flows sampled 

Sample no.  PCA (0) dec. PCA (0) incli. Polarity 
 

MKF3-A1 284.2 46.9 Reverse/mixed 
MKF3-C1 288 46.6 Reverse/mixed 
MKF3-E1 267.8 44.4 Reverse 
MKF2b-E3 328.2 –22.3 Normal 
MKF2-C1 310.9 –39.4 Normal 
MKF2a-F1 330.2 –43.8 Normal 
MKF2a-H1 312.5 –36.8 Normal 
MKF2B-C1 333.1 –25.3 Normal 
MKF2b-D1 323.8 –26.5 Normal 
JHL-F1a 330 –19 Normal 
JHL-F1b 356 –38 Normal 
JHL-F2a 136 4 Reverse 
JHL-F2b 105 30 Reverse 
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Table 2. Percentage of total clay fractions and fine clay fractions from the Mohagaon Kalan Well Section 

 Total clay Fine clay 
 

  Smectite–      Smectite– 
   Chlorite      Chlorite 
   Inter- Chloritized Illite/    Inter- Chloritized Illite/ 
Sample  Smectite layering smectite mica Chlorite Quartz Smectite layering smectite mica Chlorite Quartz 
no. (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) 
 

1MK 22.28  23.14  – 25.64  6.85  15.42  19.4  33.07  –  32.6  3.08  14.7 
2MK 13.63  6.72  – 2.5  13.81  63.63  24.52  51.78  – 12.51  4.9  6.2 
3MK 15.8  21.4  19.3  3  9.08 43.2  10.95  29.04  34.04  6.65  5.23  9.04 
4MK 38.46  28.3  20.95  1.7  0.79  8.9  22.9  26.32  42.25  1.81  2.72  1.8 
5MK 8.07  18.65  4.8  0.28  4.2  61.53  33.65  30.63  10.9  7.5  6.68  4.09 
6MK 20.11  22.15  13.86  – 9.09  35.45  18.8  23.39  39.84  3.47  6.48  1.85 
7MK 5.17  34.48  40.39  – 3.5  8.37  24.86  30.43  24.74  – 3.04  25.9 
8MK 10.43  17.24  – 9.56  20.86  42.02  26.66  10.11  – 8  14.45  26.74 
9MK 20  10.41  – 1.24  5.62  63.12  49.1  30.39  – 8.09  5.1  2.37 
10MK 47.64  11.76  21.71  – 8.82  3.42  13.84  27.69  – 4.61  15.38  27.69 
11MK 11.59  20.86  7.03  1  5.6  53.84  28.58  31.06  18.64  8.28  2.48  8.45 

 
 
Azolla cretacea and Gabonisporis vig-
ourouxii, Farabeipollis spp., Echitricol-
pites sp. and Jiangsupollis. The 
palynotaxa have similarity with Maas-
trichtian palynomorphs reported previ-
ously from other intertrappean localities 
of Sahyadri Group11 and Padwar12 and 
Ranipur (Campanian to lower Maas-
trichtian)13.  
 Magnetic polarity analysis indicates 
normal polarity chron for flow MKF2 
which stratigraphically separate MKWS 
and MKFF and mixed to reverse polarity 
signatures for MKF3 (Table 1) capping 
the MKFF. Thus, it is interpreted that the 
deposits of MKWS and flow MKF2 rep-
resent C30N whereas the MKFF sedi-
ments are Maastrichtian and capping 
MKF3 flow is of mixed to reverse polar-
ity. Presently due to lack of any radio-
metric data it is difficult to interpret if 
MKF3 erupted during C29 R Maas-
trichtian or Danian. In the adjoining  
locality at Jhilimili (~5 km NW of Mo-
hagaon Kalan) the P1a foraminifera bear-
ing intertrappean Danian sediments14 are 
present. The study of the lower flow 
(JHL-F1) below Jhilimili sediments and 
the capping upper flow (JHL-F2) indi-
cate C30N and Danian C29R respec-
tively (Table 1). Thus, both in MKFF 
and Jhilimili the lower most transition 
from C30N to C29R is recorded.  
 Based on megaflora a wide range of 
depositional environments from freshwa-
ter to estuarine and even marine was sug-
gested3,4. Prevalence of freshwater 
depositional environments is indicated 
by the presence of algae, Spirogyra and 
Oedogonium, and the water ferns Azolla, 

Salvinia and Marsilea, whereas estuarine 
conditions are indicated by Nypa, Bar-
ringtonia and Cocos. In addition to 
megaflora, the palynoflora also shows 
presence of both freshwater taxa such as 
Azolla (Azolla cretacea) and estuarine 
palynomorphs such as Spinizonocolpites 
echinatus and Proxapertites operculatus. 
The pollen grains of Spinizonocolpites 
echinatus show affinity with the extant 
mangrove palm Nypa fruticans and 
Proxapertites operculatus is believed to 
be an extinct monocot herb having affin-
ity with Araceae that live in coastal envi-
ronments along the shores of river 
channels and lagoons15. Significantly, 
fossils of Nypa in MKFF are also repre-
sented by root16 and fruit17 including the 
oldest record of Nypa fruit from this area 
by Sahni and Rode2. Climatic reconstruc-
tion based on megafloral remains of the 
intertrappean beds was first attempted by 
Bande and Prakash18. Among the recor-
ded megafossil remains of plants which 
are important climatic indicators are 
Anacardioxylon semecarpoides (Anacar-
diaceae), Polyalthioxylon parapaniensis 
(Annonaceae), Sterculioxylon shahpuren-
sis (Malvaceae), Musa cardiosperma 
(Zingiberaceae) and Phoenix robusta and 
palm fossils that suggest prevailing sub-
humid to humid climatic conditions  
during MKFF19. The presence of high 
concentrations of fungal spores and fruit-
ing bodies of epiphyllous fungi in the 
sediments of MKWS and MKFF also  
indicates prevalence of humid tropical 
climate20.  
 In addition to megaflora clay minerals 
are also good climate proxies21. For the 

current study 11 clay samples were 
drawn from different MKWS well sec-
tions for total clay (<2 m) and fine clay 
(<0.2 m). The clay mineralogy indi-
cated presence of two types of chlorite-
trioctahedral and regularly interstratified, 
mixed layer smectite/chlorite. Illite/mica 
shows two peaks implying the presence 
of both biotite and muscovite. Quartz 
shows a peak at ~3.3 Å. Smectite is the 
first weathering product of Deccan basalt 
and it is nearer to montmorillonite in  
the montmorillonite–nontronite series22. 
Dominance of smectite indicates deposi-
tion under arid–semiarid conditions 
whereas formation of smectite/chlorite 
suggests a transition from arid to humid 
climate (Table 2). In a humid tropical 
climate smectite is ephemeral and likely 
to be chloritized22. Hence, clay mineral-
ogy of MKWS indicates fluctuating hu-
mid to semiarid conditions. Significantly 
pyrite grains have been recorded from 
the black carbonaceous shales of MKWS 
which also suggest prevalence of anero-
bic humid climatic conditions. 
 Based on our study it is concluded that 
(1) In the Mohgaon Kalan locality the in-
tertrappean beds (MKWS and MKFF) at 
two stratigraphic levels are characterized 
by marker Maastrichtian palynomorphs. 
The lower intertrappean, MKWS is  
encountered in a series of dug wells 
whereas the upper MKFF is exposed on 
the surface. (2) Magnetic polarity study 
indicates normal polarity for flow MKF2 
separating MKWS and MKFF and mixed 
to reverse polarity for MKF3 capping 
MKFF. The flow MKF2 is interpreted to 
be of C30N Maastrichtian and MKF3 can 
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either be of C30N or C29R Maas-
trichtian–Danian. (3) Palynomorphs, 
megafossils and clay mineralogy of the 
sediments indicate deposition of both 
MKWS and MKFF sediments in fresh-
water to estuarine environments under 
humid–sub humid to semiarid climatic 
conditions.  
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