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ABSTRACT 

As known at present the Tertiary megaflora of Kachchh in Gujarat consists of three florules: ) 
Lower Eocene, (i) Lower Miocene, and (ii) Pliocene. Collectively, it comprises 38 species of 26 genera, 
representing 10 dicot families, 2 monccot families and one gymnosperm. There are indications of the 
African and Arabian elements occurring along with the Indian in the Tertiary flora of Kachchh. 

In the light of distribution of their modern comparable forms, all the componentsof the Tertiary 
flora of Kachchh are tropical. Because of the occurrence of moist evergreen as well as deciduous taxa, the 
flora can be placed under the category of "moist tropical semi-evergreen to deciduous forests". The environ- 

ment of deposition seems to have been mainly lacustrine and fuviatile. 
during the Tertiary period was more luxuriant than the scrubby vegetation there today. Obviously the 
present xeric conditions are a result of post-Pliocene changes in the climate in this area. Even during the 

Teritiary, there were periodic changes in the climate.
became comparatively drier during the early Miocene, and again became moist towards the end of 

Miocene. 

The overall vegetation of Kachchh 

Starting from moist during the early Eocene, it 

INTRODUCTION

In a recent paper (LAKHANPAL & GuLERIA, 1981) we refe.red to all the krown 

publicatioas oa the Te:tiary plant fo:sils of *Kachchh. Since then, a few mo:e papers
have come out (AwaASTHI et al., 1982; LAkKHANPAL & GULERIa, 1982) and some are ex 

pected sho:tly (GULERIA, in es, a & b). The published record shows that although 
co1siderable work has beea doae oa the plant microfo:sils leading to stratigraphic con- 

clusioas, compara tively much less info.mation is available about the megafossils. 

Nevertheless, a stage has come when it is possible to draw some conclusions regarding 

the Tertiary palaeoecology and phytogeography of the Kachchh area based on the co. 

tive evideice of the hithe:to k1own plant megafossils. The same are being discussed

in the pre:ent paper. 

AVAILABLE DATA 

Physiograplhy and Climate of the Area-District Kachchh, which forms the north-

western part of the Gujarat State, lies beiween Lat. 22°44-2442' N and Long.68°08
71° 46' E (see Map-1). The district consists of Kechchh main land, Wagad highland 
and four detached islar.ds, viz. Patcham, Khadir, Bela and Chorar. The total erea of 

the district is 45, 652 sq km. It coasists mainly of flat d1y land whose monotony is bro- 

ken by rangei of elevated iidees comprising scatte.ed ne ked hills and isolated hillocks 

Amongit the dominant phyio- 

graphic feature; of reg.onal impo:tarce, are the three eist-weit trending anticlinal rid- 

ges. The other important lar.dmarks of the a1ca are the traps extending from near Panan- 

beside: valleys, rive.s, nalas ard tracts of pasture land. 

In the carlicr literature spelt as Cutch or Kutch.

46 Gaoplytology, 13(1): 46-54,1983.



dhro in the West to Anjar in the east in the form of several flat-topped hillocks separa- 
ting the northen hily tract from the southern coastal plain. 

The east-west running central hill rarges do not exceed a height of 300 metres 
and are not capable of suppo:ting a permanent river system. The entire area is exclusi- 

vely depeadant on seasonal rains. Lying beyond the course of south-west moasoon it falls 
in the zoe oi scanty rainfall. 

greater part of the year the climatic conditions in Kachchh remain dry. The average 
annual rainfall is about 35cm, of which about 90 per cent precipitates betweea Jurie and 
September. The annual average temperature ranges between 20°C and 33°C. (Clima- 
tological Tables of Obrervatories in India, 1931-1960). Tnese circumstances have a 
great inflience on the character of the local vegetation. 

The streams and nalas flow only during raius. For the 

Present Vegelation-The most striking íeature of Kachchh is the barrenness of 
the coumtry. Its flo:a has a predominantly xerophytic charzcter.
pe:haps the first person to give a list of plants of the Kachchh District. It was BLATTer 

(1908, 1909) who first studied the flora in detail and enumerated 431 species beloaging to 
81 familie. Later THaKAR (1926) de:cribed 508 species belonging to 71 families, in- 
cluding some exotics also. 
flo:a. PURI AND JAIN (1958) and PuRI et al. (1959) prepared a comprehensive flora of 
this arca and listed 640 species belonging to 363 ge.iera distributed amoigst 93 families, 
including all indigcaous species and tho:e exotics which are now well established. The 
ten dominant families referred to are Leguminosac, Gramine.e, Compositae, Malvace:e, 
Convo.valaceac, Eupho:biace1e, Cyperace:e, Acanthaceae, Amirznthaceae ard Cucur- 
bitacee. Further additios to the flora of Kachchh have been made by JaIN (1960), JAIN AND DEsHPANDE (1960), JAIN AND KANODIA (1960), DESEIPANDE (1961), and BHANDARI (1965). 

PALIN (1880) was 

In 1954, KaPADIA added about a dozen grass species to this 

Phy.ogeographically Kachchh is very significant as it is the meeting ground for 
the arid African and A:abian clemeits with tho e of India (BHaRUGHA & MEHEr-HOMJI,1965; CHATTERJEE, 1940, 1962; Puri, 1960; LEGRIS, 1963; MaHABALE, 1966). The flo:a of Kichchh shows reemblance with that of Sind as well as of Gujarat, though the affiities with the fo.mer are more pronounced. BLaTTER (1909) has pointed out that 
out of 345 specici, about 200 are common with thoce of Sind and 160 with those of Guja-rat. Itis interesting to ob:erve that more and more plants reported from Sind are now 
being found in Kachchh and many of them do not extend east of Kachchh. 

The thomy scrub jungle fo.ms the dominant vegetation of Kachchh. It is 
composed of Acacia niletica (L.) Willd. ex Del. ssp. indica (Benth.) Brenan (Syn. A. arabica 
Willd.), A. leucophloea Willd., A. senegal Willd., Balanites aegyplica Delile, Calotropis8igantea R. Br., Capparis decidua Edgew., d. grandis L. f., Cassia auriculata Linn., Commiphoramukul Engl., Euphorbia nerifolia Linn., E. tirucalli Linn., Grewia flavescens Juss., G. tenax 
Fiori, G. villosa Willd., Indigofera spp., Mimosa hamata Willd., Premna resinosa Schau., kiz phus mauratiana Lam., Z. nummularia (Buran. f.) W. & A. 

ln the pro:ected and moister situations, such as valleys of the hills at Dhinodhar,Kala Dungar and Motadhola, the vegetation tends to develop into good deciduous tracts 
Which re: emble the typical dry deciduous fo.ests of Deccan traps, with such species as 
Bauhinia racemosa Lam., Cordia dichotoma Forst. f., C. myxa Linn., G. rcthii Roem. & Schult., Tetia laevis Roxb., Ficus sp., Gymnoshoria montana Benth., Lannea coromandelica Merr., Law Son2a inernmis Linn., Moringa oleifera Lam., Odina wodier Roxb., Salmalia malabarica Schott. 
&Endl., Sterculia urens Roxb. and Vitis trifolia Linn. 

Kocky habitat with poor shallow soil and waste lands, is colonized by abun-

Geophytolog, 13(1) 47 



dant growth of Cassia spp. Den:e colonies of Lchinops cchinalus Roxb. occur in freshlu ev 

posed hard rocky soils along the railway lines. The climbers in the arca are few, such as 
Abrus precatorius Linn., Cardiospermum haticacabum Linn., (Assus quadrangularis Linn., Clitoria 
terualea Linn., Cocculus hirsulus D.cls., G. pendulus Dicls., Dacmia exlensa R. Br., Ipomoea bilosa 

Sweet and Tiagia sp. The salinc tracts and the riverain arcas have sparse scrub forests 

of Galolropis procera R. B., Salvadora oleoides Decne., S. persica Wall., and Tamarix spp. 
The.c is paucity of aquatic plants becau:e there are very few fresh water habi. 

Typha anguslata Bo y & Ghaub. is the conspicuous plant in the marshy arcas. 

groves occur all aloag the co1st, mo:tly poor and disturbed. Avicennia alba B1. is the 
commonest mangrove plant. The other mangrove trees are Aegiceras corniculatum Blanco., 

Avicennia Qfficinalis Linn., Bruguiera conjugata Merr., Rhizophora candelaria DC., ad R. 

tats. Man- 

mucronala Lam. The scrubs and pro:trate herbs include Gressa cretica Linn., Haloxylon 

rocuret m Bmge., Juncus marilimus Lam., Salicornia brachiata Miq., Salsola foetida Del., S. 
fiuticosa Lim., Suaeda nudiflora Moq. and Urochondra setulosa (Trin) Hubb. The sandy 

bank aloag se1-creeks have dease growth of Asparagus dumosus Baker, Crotalaria burhia Ham., 
Alurophus lagopoides (L.) Trin. ex. Thwaites, and several grasses. Some epiphytes and 
ground parasitic plants also grow in the area. 

Tertiary Geology and Fossil Localities-The Tertiary of Kachchh is repre. en. ted by 
a comple:e sequence irom Palaeocene to Pliocene (see Map 1). It is best developed 
in soath-wes en Kachchh whe:e it attains a thickness of about 650 m (BiswAS & RAJu, 
1973) and has bee the subject of detailed studies in recent years (for referen.ces please

The sediments were depo:ited on the eroded surface of Deccan see GULERIA, 1978). 
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Map 1. Map of Kachchh showing Tertiary fornxutions and mezatossil localities (based on Biswas & 

Deshpande, 1970). 
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Trap lows and the Mesozoic sedimeatary rocks. The stratigraphical classification 
followed here is that of BiswAS AND RAJU (1973) 

The iossils investigated have beea collected îrom the Lower Eocene (Berwali 
Series) beds of Panandhro ligaite mir.e; Lower Miocene (Khari Seies) beds rear Goy- 
ela-Mokra and *Pliocene beds (Kankawati Series) 1ear Dhar.eti, Kanaiyabe and 
Mohala (Map-1). In addition, leaf-impressions were also collec:ed from the Palaeocer.e 
beds (Madh Series) around Matanoma dh but being highly îra gile ard tuffaceous, they 
could not be wo:ked out. 

TERTIARY FLorULEs: All the hitherio collected Tertiary plant megafossils 
o Kachchh can be grouped into 3 florules on the basis of their age, viz. (1) Lower Eocene 
flo:ule of Panandhro; (2) Lower Miocene florule of Goyela-Mokra (Khari Nadi Bed) and 
(3) Pliocene flo:ule of Dhaneti, Kanaiyabe and Mohala. The first two florules are 
Tepreseted by impre:sions and the third by petrifactions. All the thiee florules consist 
of a variety of fosil fo:ms comparable to moden plants as listed below: 

1. Lower Eocene florule of Panandhro 

The Panandhro flo:ule is based o.aly o1 leaí-impressions (LAKHaNPAL & GULE-
kIA, 1981; GuLERIA & LAKHANPAL, in press). It co.asists of 9 species, out of which 6 have 
heca identified with 6 modern genera. The remaining thuce, which could not be i iden-
ified with any moden geus but are decidedly dico.yledon.ous, have been placed under 
the fo.n geaus Dicotylophyllum Sapor la. The composition of this florule is as follows: 

FAMILY FossIL TAXA MoDERN COMPARABLE TAXA 
Combreiaceac Terminalia panandhrornsis Terminalia crenulata Heyne 

ex. Roth. 

Myrtaceae 
Lythraceae 

Syzygium kachchhense 

Lagerstroemia patelii 
Ginnamomum eokachchhensis 

Sy-ygium sp. 
Lagerstroemia speciosa L. Pers. 
Cinnamomum zeylanicum Breyn Lauraceac 

Moraccac Ficus kachchhensis Ficus tomentosa Roxb. 
Incertae Sedis Dicolylophyllum cordalum 

D. panandhroensis 
D. quadrinervatum 

Pandanus eocenicus 

Dicot. 
Dicot. 

Dicot 
Pandanus diversus John 
P. furcatus Roxb. 

P. tectorius Solander 

Pandanaceae 

2. Lower liocene florule of Gayela-Mokre (Khari Nadi Bed) 
This flo:ule coasists of impressions of leaves and a few fruits and seeds, belonging 

to 5 familie, 10 genera and 11 species (LAKHANPAL & GULERIA, 1982) listed as below : 

FAMILY FossiL TAXA MoDERN COMPARABLE TAXA 
Rutaceae Murraya paniculata (Linn.) Jack 

S Bauhinia phoenicea Heyne 
B. purpurea Linn. 

Murraya khariensis 
Leguminosae Bauhinia kachchhensis 

in Table 1, showing the stratigraphic classification of the Tertiary sediments of Kachchh, BsWAS 

AND RAJU 1973, p. 39) have given the age of Kankawati Series as Pliocene though on page 45 they have 
ention.ed that "Probable Pliocene age is suggested" for Sandhan Formation which consists of Kankawatu 
ecently Dr. S. K. Biswas has communicated to one of us (J.S.G.) that fossil woods ot the 

awati Series may belong either to the lowermost Pliocene or the uppermost Miocene. However, are 

n them here to Pliocene according to the published record. 
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Cassia sp. 
Fruit cf. Leguminosac 
Leaflets ci. Leguminosz.e 
Seed cf. Leguminosac 
Millettia ovalifolia Kurz 

Cassia miokachchhensis 

Leguminocarpon khariensis 

Lguminophyllum khariensis 

Leguminosiles khariensis 

Millettia asymmelrica 
M. auriculata Baker 

M. macrostachya Coll. & Hemsl, 

M. miocenica 

Cinamomum miokachchhensis Cinnamomum zeylanicum yn. 
Ficus khariensis 

Lauraceae 
Ficus infectoria Roxb. Moraccac 
Palm Palmacites khariensis Palmae 

Pliocene florule of Dhaneti, Kanaiyabe and Mothala 3. 

They have been described 
GULERIA (in presi, a, b). 

This florule coasists entirely of petrified woods. 
by LARHANPAL et al. (1975), AwAsTHI et al. (1980, 1982) and 
They belong to 7 families, 14 gerera and 18 species as enumerated below 

FossIL TAXA MoDERN GOMPARABLE TAXA FAMILY 
Podocarp2 cez e 

Dipte:ocarpaceae 
Podocarpoxylon kutchensis 
Diplerocarpoxylon malavii 

Podocarpus wallichianus . Presl. 
Dipterocapus dyeri Pierre ex 

De Laness 

D. indicus Bedd. D. pondicherriense 

Plerospermoxylon kutchensis (Plerosperomum glabrescens W.&A. Sterculia.ceae 
P. reticulatum W. & A. 

P. rubiginosum Heyne 

( Sterculia coccinea Roxb. 
S. oblonga Mast 

S. rhinopetala K. Schum. 

Euphoria longana Lamk. 

Sterculinium kalagarhense 

Sapindaccae Euphorioxylon indicum 
Schleicheroxylon kachchhensis Schleichera oleosa(Lour.) Oken 

(Millettia pendula Benth. 
| M. prainii Dunn 

Pongamia pinnata (Linn.) 
Pierre 
Afzelia-Intsia 
4farlia-Intsia 

Cynometra polyandra Roxb. 
C. ramiflora Linn. 
( Isoberlinia angolensis (Welw.) 

Hoyle & Brenan 

I. niembaensis Duvingn 
Dialium sp. 

Leguminosae Milleitioxylon indicum 

Pahudioxylon sahnii 
P. assamicum 

Cynomelroxylor. holdeniü 

Isoberlinioxylon congoense 

Dialiumoxylon indicum 
Albizinium eolebbekianum Albizia lebbek Benth. 
A. pondicherriensis j Albizia an.ara Boivin 

A. odoratissima Benth. 
Terminalia arjuna Becdd. 

1T. tomentosa W. & A. 
T. tomentosa W. &. A. 

Combretaceae Terminalioxylon felixi 

T. burmense 

Palmae Palmoxylon kachchhensis Pam 
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DISCUSS1ON 
Palaeophytogeograp.iy-From the general survey of the meg flora it is seen that 

out of the known modern compara ble geiera, viz. Afselia-Intsia, Albizia, Bauhinia, Cassia, 

Cinnamomum, Cynomstra, Dialium, Dipterocarpus, Euphoria, Ficus, Isoberlinia, Lagerstroemia, 
Milletiia, Militia-Pongamia, Murraya, Pandanus, Podocarpus, PteTOspermum, Schleichera, Ster- 
culia, Syygium and Terminalia, only Bauhinia, Cassia, Ficus and Sterculia are represeuted 
in the present day flora of Kachchh. These four ger.era are found in protected and limi. 

It is obvious from the above data that the other ger.era wee 
much wide: in their distributioa and extended up to Kachchh in the westem part of 
the country during the Tertiary Period. Amongst these Cinnamomum, Dipterocarpus, Eup- 

horia, Murraya, Plerospermum, Schleichera, Isoberlinia and Podacarus are the important ger. era 
from the phytogeographical point of view. Out of them, the first six are primarily Indo-
Malayan in distribution. Isoberlinia is restricted to Tropical Africa and Podocarpus is a 

relict southern henisphere plant. It shows that the mixing of eastern and western 

elements had already taken place in India during the Tertiary and Kachchh had been 
the meeting ground particularly íor the African and Arabian elements with the Indian. 

On comparing the Kachchh meg.flora, specially the Pliocene florule, with the 

modern forest types of the neighbouring areas it can be observed that almost all the 

clements of the Pliocene florule are found south of Kchchh along the westem coast. 
IL scems that with the later de.eriora tion in climatic conditions, this flourishin.g florule 

dicd down in Kachchh while its counterparts countinued southwards along the westem 

ted places in Kachchh. 

coast of India. 

PulasoecologY-In general, the composition of the Lower Eocene, Lower Mio- 
cene and Pliocene florules, coasidered in the light of distribution of their modem compa- 
rable forms, indicates a tropical climate in which these florules had flourished. 

PION AND SeTH (1968, p. 54) have divided the tropical vegetation of India into the 

iollowing 7 forest types on the basis of moisture conditions: 

CHAM- 

Wet evergreen fo1 ests; 

(ii) Semi-evergi cen forests; 
(ii) Moist deciduous forests; 

(iv) Littoral and swamp fo. ests; 
(v) Dry deciduous foiests; 

(vi) Thom for ests; 

(vii) Dry evergreen forests.
The modern equivalents of the Lower Eocene florule are distributed in the 

following types of tropical forests 

TROPICAL FOREST TYPES 
TAXA 

Wet Semi Moist Littoral 
& 

Dry 
deci- 

Thorn 
forests 

Dry 
ever 

ever ever deci 

STeen 
forests 

green 
forests 

duous Swamp 
forests 

duous green 
forests forests forests 

Cinnamonmum zeylanicum 
Ficus tomentosa 

Lagerstroemia speciosa 
Pandanus diversus 
P. furcatus 

P. tectorius

Syzvgium sp. 
Terminalia crenulata

+ 
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The modern comparable forms of the Lower Miocere clements are distributed in the 

following types of tropical forests 

TROPICAL FOREST TYPES 

TAXA 
Thorn Dry Dry 

deci-
Wet Scmi- Moist Littoral 

forests ever deci 
duous- 

CVer cver 

duous green swamp green 
forests 

grcen 
forests forests forests forsets forests 

Bauhinia phoenicea 
B. purpurea 

Cinnamomum zeylanicum 
Cassia sp. 
Ficus infectorio 
Millettia auriculata 

+ 

+ 
M. ovalifolia 

Murraya paniculata + + 

The modern corresponding elements of the Pliocene florule are distributed in the follow- 
ng types of tropical forests 

TROPICAL FOREST TYPES 
TAXA 

Litto Dry 
deci-

Wet Semi- Moist Thorn Dry 
deci 

duous 
ever ever ral& foretsts ever 

swamp duous green 
forests 

green 
green 

forests forests forests forests forests 

Afzelia bijuga 
Albizia amara 

+ A. odoratissima 
A. lebbek 

Cynometra polyandra 
C. ramiflora 

Dialium sp. 
Dipterocarpus dyeri 
D. indicus 

Millettia pendula 
M. prainii 

Pongamia pinnata 
Eupisoria logana 
Isoberlinia angolensis 
I. niembasnsis 

Podocarpus wallichianus 
Pterospermun rubiginosum 
P. glabrescens 
P. reticulatum 
Schleichera oleosa 
Sterculia sp. 
Terminalia arjuna 
T. tomentosa 
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From the foregoing accountit is clear that the moderm equivalents of fossil 
genera are no: confined to a particular type of tropical forest in any of the three florules. 

Broadly speaking, the above no:ed fl0.istic assemblz ges are climatically an admixture 

of evergreen to deciduous elements. 

From the components of the Lower Eocene fforule it is plausible to coaclude that 

moist evergreen to deciduous vegetation was then prevalent around Panar.dhro. Fur 
ther the littoral and swampy elements indica te the occurrence of marhses arourd this 
locality in which the vege:ation go: buried and in due course resulted in the formation 
of lignite. 

Lower Miocene Clima tic conditions must have become less moist during the 
as is indicated by the majority of elemen ts of the Goyela-Mokra florule, which beloug to 
moist deciduous to dry deciduous forests. This view is fur ther substantiated by the 
smaller size of leaves and dominance of legumes. The semi-evergreen plants might 
have been growing in pockets. 

It is impor tant to note that the leaves of bo:h Lower Eocene ar.d Lower Mio- 
cene florules are entire-margined. The entire-margin.ed leavesand leaf lets are predo 
minantly found in arctic, alpine, xeric and tropical rainforest environments. The per- 
centage decreases to near equality in the upland tropics and subtropical forests, while 
the leaves of temperate forests are mainly non-entire as has been pointed out by S1NNoTT 
AND BAILEY (1915), BaLEY AND S1NNoTT (1916), CHANEY And SaNBORN (1933) and 
WoLFE (1977). Thus on the basis of the morphology of leaves (which pr ovides an addi- 
tional tool to decipher the climatic co.di tions of the plants growing in a particular region) it can be sascly concluded, keeping in view the vegetational complexes of the 
Lower Eocenc and Lower Mioccne florules, that they represent a tropical type of vege tation rather than arctic, alpine or xeric. 

During Pliocene, conditions must have agiin become favourable for the growth 
The occurrei.ce of evergrecn elements likc Dip- 

of comparatively uxuriant vegelation. 
lerocarpus, uphoria, Podocarpus and Plerospormum, indicates hot and humid conditio1s with 
plenty of rainfall. Alo:1g with the e are al:o moist deciduous forms like Albizia, Millettia Schleichera and Terminalia. Thus it secm: that, in ge :eral, the prevalent vegeia tion might have becn semi-evergreen to moist deciduous. Further, around the streams and ravir.es 
some marshy vegetation must also have existed as indicated by the littoral and swampy elements of this florule. 

It is important to mention here that the ecological amplitude of Podocarpus, 
The podocarps 

the largest genus of all the present day Coaifer familiei, is co.isiderable. mostly occur in montane tropical fo: ests, but a few also grow in lowland forests and even descend to sea level. Generally they do not iorm pure forests and are said to be found mixed with angiosperms in rich lowland tropical fores:s. Hence, the pre.ence of Podo- carpus in Kachchh in association with other eve.green elements is not at all surprisingand is quite in accordance with its modern habitat. 
In view of the occurrence of bo:h moist eve:green as well as deciduous taxa, the Kachchh flora can be placed under the catego.y of the "moist tropical semi-evergreen to deciduous forests". 

Thus, in contrast to the dominant scrubby vegetation of today, the vegetation of Kachchh during the early Eocene, early Miocene and the Pliocene was much better and luxuriant. All this provides a strong evidence to the view that the present xeric conditions in this part of India is the result of post-Plioce.e chages in the climatic conditions. 

Geopiytolosy, 13(1) 
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