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Abstract : The communication embodies ammonoid zonation in the 
Tithonian of Kachchh (India). It is based on a bed by bed 
.collection of amrnonoids from 27 successive levels in the ca 130 m 
thick composite column (Ler and Mundhan sections). The scheme 
includes 4 zones, 10 subzones and 13 horizons, and is based 
largely on the evolutionary succession of the geographically 
restricted Indo - East-African Katroliceras, Aulacosphinctoides 
and Virqatosphinctes 

The Lower Tithonian ammonoid fauna of Kachchh has nothing in 
common with the coeval fauna of the North Tethyan margin, however 
in the Upper Tithonian there are elements in common 
(Aulacosphinctes, Micracanthoceras, Aspidoceras etc.). This 
suggests reduced sea levels / basinal depths and absence of 
ammonoid expansion between the Tethyan margins during the Lower 
Tithonian in contrast to the preceeding Kimmeridgian and 
proceeding Upper Tithonian intervals, which is in agreement with 
the global sea-level cyclicity framework. 

The stage boundary with the Kimmeridgian is marked by the first 
K. pottinqeri (Sowerby). The Lower/Upper Tithonian boundary is - 
only tentatively placed at the first Virqatosphinctes. The 
Jurassic/Creataceous system boundary is placed at the last record 
of Virqatosphinctes. These boundary placements are also 
supported by the additional presence of reliable North Tethyan 
markers. 

INTRODUCTION 

The Kachchh basin is a pericratonic basin located in West India. 
Among the several Indian Phanerozoic successions of global 
interest, the splendidly developed nearly continuous micro and 
mega guide fossil abounding Jurassic (Bathonian - Tithonian) 
succession of Kachchh occupies a very significant position, and 
is valued as of primary reference on the entire South Tethyan 
margin between North Africa in the west to Indonesia - New 
Guinea - New Zealand in the east. 
The ammonoid bearing Tithonian stage is fairly well developed in 
the Mainland Kachchh (Fig. 1). In spite of some good sections, 
the Tithonian biochronology has remained much less known in 
comparison to the pre-Tithonian part. In India after the early 
works [l-41 on biochronologically crucial cephalopodsr mostly 
lacking in stratigraphic precision, recently Krishna and Pathak 
151  established a scheme of four zones and five subzones in th: 
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Fig. 1 : Simplified geological map of Kachchh with principal 
Jurassic localities. 

Fig. 2 : Locations of the investigated stratigraphic sections in 
the Mainland Kachchh in the geological map modified 
after Rajnath, 1932. 
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Lower Tithonian at Southeast Ler in the eastern part of the 
Mainland Kachchh. 

Six different sections are studied. These are Jawahar Nagar, 
Southeast Ler, Southwest ~ e ? ,  Walakhawas, Lakhapur and 
North Mundhan (Fig. 2). Among these the Lower Tithonian 
ammonoid succession is'found best developed in Ler while the 
Upper Tithonian at Lakhapur and Mundhan. The collection includes 
27 to 48 successive levels of ammonoia fauna in the Tithonian 
withinthe ca 130 m thick succession which is here organised into 
14 beds. 

Based on the detailed systematic studies of the bed by bed 
collected ammonoids, all the Lower Tithonian zones and subzones 
of Krishna and Pathak [5] are confirmed in the principal section 
at Southwest Ler with slight reorganisation and further 
refinement into horizons. However, the first ever zonation is 
here attempted in the Upper Tithonian at Mundhan. An integrated 
zonation scheme with 4 zones,losubzones and 13 horizons in 
Tithonian is presented here. 

LITHOSTRATIGRAPHIC REMARKS (Fig. 3) 

The Chari Formation, Katrol Formation and Umia Formation [1,2,4] 
in ascending order are recognised in all the studied sections 
mentioned earlier. The Tithonian stage broadly corresponds to 
major part of the Katrol Formation (Middle Member and Upper 
Member) and basal part of Umia Formation. 

In Southwest Ler, the Katrol Formation disconformably overlies 
the Chari Formation. The contact marked by a hard persistent 
oolitic bed (Dhosa Oolitic Member) representing the top of the 
Chari Formation. The ca 247111 to 335 m thick Katrol Formation is 
separated from the overlying Umia Formation by medium to coarse 
grained massive cross bedded sandstone at the base of Umia 
Formation. The Katrol Formation is further split up into three 
members namely, Lower Member, Middle Member and Upper Member. 
The ca 36 m to 51 m thick Lower Member (mostly Kimmeridgian) 
characteristically comprises alternation of hard, highly 
fracutred deep brown to maroon coloured, highly fossiliferous, 
fine to medium grained sandstone bands and gypsiferous to sandy 
shale with occasional concretions. The overlying ca 166 m to 222 
m thick Middle Member (mostly Lower Tithonian) is seperated from 
the Lower Member by a massive, hard and compact, dark brown 
coloured fine to medium grained persistent sandstone at the base. 
The Middle Member mainly comprises alternation of maroon, 
calcareous sandstone bands and siltstone/shale. The lower part 
of this Member (ca 70 m to 90 m thick) is relatively very poorly 
fossiliferous in comparison to the ca 40 m to 50 m thick upper 
part. The ca 45 m to 62 m thick Upper Member mainly consists of 
a thick pile of sandy shale/siltstone intercalated with 
occasional thin maroon, fractured sandstone bands and 
concretions. 

AMMONOID CHRONOLOGY 

The Kimmeridgian/Tithonian boundary placement in Kachchh is here 
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revised from that given earlier [5,6,7]. The Infundibulum Zone 
characterized by the presence of 5. infundibulum (Uhlig) and 
H. ornatum Spath is here included as the youngest Kimmeridgian - 
subzone instead of the previous assignment to the basal Tithonian 
Hybonotum Zone. In recent comparison studies undertaken with the 
European type material (together with Schweigert of Stuttgart, 
Germany), H. ornatum Spath is found closest to H. gr. beckeri 
(Neumayr) instead of H. hybonotum (Oppel) as previously 
considered 15). The revised base of the Tithonian stage in 
Kachchh is now marked by the base of the Pottingeri Zone with the 
first 3. pottingeri (Sowerby). The proposed scheme now includes 
2 zones, 5 subzones and 8 horizons in the Lower Tithonian and 2 
zones, 5 subzones and 5 horizons in the Upper ,Tithonian. The 
resolution realized is of the order of 5001000 yrs. The Horizons 
are either marked on the basis of the first appearance of a 
species or distinct evolutionary morphological change in the 
species in successive stratigraphic levels. 

ZONES, SUBZONES AND HORIZONS (Figs. 4 , s )  

Lower Tithonian (at Southwest Ler) 

Pottingeri Zone Krishna and Pathak, 1993 

Pottingeri Subzone Krishna and Pathak, 1993 
P-I Horizon (beds 14a to 14b) : The base of this horizon is 
indicated by the first K. pottingeri (Sowerby) as for the zone. 

Sparsicosta Subzone (beds 15a to 16) 
The base of this subzone is marked by the first A. sparsicosta 
(Uhlig) (m). X. pottingeri (Sowerby) and 
continue from below, while A. (Uhlig) appears first 
within this subzone. 

P-I1 Horizon (beds 15a to 15c) : Its base is marked by the first 
appearance of Aulacosphinctoides sparsicosta (Uhlig) (m). 

P-I11 Horizon (bed 16) : Its base is marked by the first 
appearance of Aulacosphinctoides willisi (Uhlig) (m). 

Virgatosphinctoides Zone Krishna and Pathak,1993 (beds 17a to 24) 

In its revised difinition, it also includes the Rajnathi Zone of 
Krishna and Pathak 153. Its base is marked by the first 
appearance of the zonal index Katroliceras virgatosphinctoides 
Krishna and Pathak (m) and Aulacosphinctoides uhliqi Spath (m) 
which are also restricted within this zone. Indodichotomoceras 
and Aulacosphinctoides continue from below while Katroliceras 
marks its last occurrence within this zone. 

Perrinsmithi Subzone (beds 17a to 18a) 
Its base is marked by the first appearance of Aulacosphinctoides 
uhliqi Spath (m), and 5. virgatosphinctoides Krishna and Pathak 
(m). Aulacosphinctoides perrinsmithi (Uhlig) (m) is the most 
significant/abundant species within this subzone. Katroliceras 
sp. ind. [M), Katroliceras pottingeri (Sowerby) (m), Aulacos- 
phinctoides wil-g) (m) and Aulacosphinctoides 
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Fig. 4 : Stratigraphic occurrence and ranges of the ammonoid taxa 
in the Lawer Tithonian of Southwest Ler, Kachchh, India. 

Fig. 5 : Stratigraphic occurrence and ranges of the ammonoid taxa 
in the Upper Tithonian of Southwest Ler, Kachchh, India. 
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(Uhlig) (m) and Aulacosphinctoides s arsicosta + continue from below. Aulacosphinctoides perrlnsmlt 1 
(Uhlig) (m) and Aulacosphinctoides tibetanus (Uhlig) (m) mark 
their first appearances within this subzone. 

V-I Horizon (bed 17a) : Its base is marked by the first 
appearance of Au~acosphinctoides uhliqi Spath [M] and 
Katroliceras virgatosphinctoides Krishna and Pathak (m). 

V-I1 Horizon (Beds 17b to 17c) : Its base is marked by the first 
appearance of Aulacos~hinctoides perrinsmithi (Uhlig) (m). 

V-I11 Horizon (bed 18a) : Its base is marked by the first 
appearance of the nominal species Aulacosphinctiodes tibetanus 
(Uhlig) (m). 

Rajnathi Subzone Krishna and Pathak, 1993 
In view of additional data, this zone of Krishna and Pathak [51 
is here emended as a subzone. ' In its emended definition, the 
base is indicated by the first appearance of the subzonal index 
Katroliceras rajnathi Krishna and Pathak (m). Katroliceras 
virgatosphinctoides Krishna and Pathak (m) and Aulacosphinctoides 
sparsicosta (Uhlig) (m) continue from below. Katroliceras sp. 
ind. [M], Katroliceras ottinger (Sowerby) (m), Aulacos- 
phinctoides uhligi Spath (m), Aulacosphinctoides perrinsmithi 
(Uhlig) (m) and Aulacosphinctoides tibetanus (Uhlig) (m) mark 
their last occurrence within this subzone. 

V-IV Horizon (beds 18b to 20b) : The base of this Horizon is 
defined as that of the Rajnathi Subzone. 

Biplicatus Subzone 
V-V Horizon (beds 20c to 24) : Its base, as also of the 
Biplicatus Subzone, is marked by the first appearance of 
Indodichotomoceras biplicatus (Uhlig) (m). Katroliceras virgato- 
sphinctoides Krishna and Pathak (m) and Aulacosphinctoides 
s~arsicosta (Uhlig) (m) continue from below. Katroliceras 
rajnathi Krishna and Pathak (m) marks its last occurrence. 

Upper Tithonian (at Mundhan) 

Communis Zone 

The base of this zone is marked by the first appearance of the 
zonal index Virqatosphinctes communis Spath [M]. It also 
indicates the first appearance of the genus Virqatosphinctes. 
The genera Indodichotomoceras and Aulacosphinctoides continue 
from below. This zone includes two subzones. 

Communis Subzone 
C-I Horizon (beds 16a to 16b) : Its base as also of the Communis 
Subzone is marked by the first appearance of Virgatosphinctes 
communis Spath [M]. 

Subfrequens Subzone 
C-I1 Horizon (beds 16c to 16e) : Its base as also of tne 
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Subfrequens Subzone is marked by the first appearance of 
Virgatosphinctes sufrequens (Uhlig) (m) and Virgatosphinctes 
saharensis Spath (m). The latter is also restricted within this 
subzone. 1. communis Spath [M] continues from below. 

Densiplicatus Zone 

Its base is marked by the first appearance of the zonal index 
Virgatosphinctes densiplicatus (Waagen) (m) and V. cf. 
densiplicatus (Waagen) (m) which are also restricted withTn this 
zone. The genera Indodichotomoceras and Aulacosphinctoides 
continue from below. This zone includes three subzones. 

Densiplicatus Subzone 
D-I Horizon (bed 16f) : Its base as also of the Densiplicatus 
Subzone is marked by the first appearance of Virqatosphinctes 
densiplicatus (Waagen) (m) and 1. cf. densiplicatus (Waagen) (m). 

Oppeli Subzone 
D-I1 Horizon (beds 16g to 16h) : Its base as also of the Oppeli 
Subzone is marked by the first appearance of Virqatosphinctes 
oppeli Spath [M] and 1. multifasciatus (Uhlig) (m). The latter 
species is also restricted within this subzone. V. communis 
Spath [M], 1. densiplicatus (Waagen) (m) and - V. cf. densiplicatus 
(Waagen) (m)-continue from below. 

Frequens Subzone 
D-I11 Horizon (beds 17a to 19c) : Its base as also of the 
Frequens Subzone is marked by the first appearance of 
Virgatosphinctes frequens (Oppel) [M], which is also restricted 
within this unit. V. communis Spath M ,  V. densiplicatus 
(Waagen) (m) , E. cf .-densiplicatus (Waagen) (mr and E. oppeli 
Spath [M] mark their'last occurrence while Aulacosphinctoides 
sparsicosta (Uhlig) (m), Aulacosphinctoides cf. smithwoodwardi 
(Uhlig) (m), Aulacosphinctoides sp. ind. (m), Virqatosphinctes n. 
sp. (m) and V. cf. saharensis Spath (m) are restricted within 
this unit. 

FAUNAL ANALYSIS AND CORRELATION 

The ammonoid fauna1 spectrum in the studied Kachchh Tithonian 
sections is highly endemic except for the presence of Aspidoceras 
(in beds 26-27 at Southwest Ler, in the East Mainland Kachchh), 
Micracanthoceras and Aulacosphinctes (in beds 19a-b at Mundhan 
and also at Sahera, Lakhapar and Umia in the West Mainland 
Kachchh) in the uppermost part of the Frequens Subzone of the 
Densiplicatus Zone placed earlier [8] in the Micracanthum Zone 
(inclusive of Durangites Zone). 

The Ler Aspidoceras assigned earlier to 6 .  taverai Checa [ 8 ]  on 
comparison with the type material of A. taverai Checa by JK at 
Granada (1994) is not found to belong to the Spanish species, yet 
is morphologically not very far. As discussed earlier [8], the 
presence of Aspidoceras in association with Virgatosphinctes 
frequens (Oppel! in beds 26-27 at Southwest Ler, and withouk it 
in bed 28 suggests the best indication of the Jurassic/Cretaceous 



GeoResearch Forum Vols. 1-2 213 

system boundary in Southwest Ler between bed 27 and bed 28. In 
the rest of the Tithonian there is hardly any ammonoid or other 
evidence present for correlation with Europe or Pacific but for 
extremely scarce Hildoqlochiceras that too only in bed 19 of the 
Lakhapar section, included tentatively into the Virgato- 
sphinctoides Zone. On the other hand Hildoglochiceras is mostly 
dated as Lower Tithonian in the East Pacific [ g ]  which allows 
tentative assignment of the Virgatosphinctoides Zone to Lower 
Tithonian. It may be recalled that Virgatosphinctes invariably 
has been assigned to Upper Tithonian, and has been nowhere ever 
suggested to extend on the lower side into Lower Tithonian. 
Suggestive evidence as exposed above in turn prompts the best 
placement of the Lower/Upper Tithonian Substage boundary between 
bed 24 and bed 25  in Southwest Ler with the first 
Virgatosphinctes in bed 25 and the last Katroliceras in bed 24. 
In view of near exclusively endemic characters of the Kachchh 
Tithonian ammonoid, there is strong need to try as well the 
microfossils - foraminifers, dinoflagellates and others for 
correlation. 

The relative density of ammonoids is noticed better in the early 
part of Virgatosphinctoides Zone (Perrinsmithi and Rajnathi 
Subzones, bed 17a to bed 20b in Southwest Ler) and in the 
Densiplicatus Zone (Frequens Subzone, beds 19a-c in Mundhan). 
Lithologically also these intervals exhibit relatively much 
slower sedimented condensed/starved intervals. There is also 
observed distinct fauna1 radiation at the start of Perrinsmithi 
Subzone - Rajnathi Subzone interval at the base of the bed 17 at 
Southwest Ler and at the base of the bed 19 in Mundhan. The 
above multiple evidences suggest that the said intervals indicate 
the transgressive components and eustatically influnced maximum 
flooding of the two successive depositional sequences. The 
sequence boundary between the interpreted depositional sequences 
is placed between bed 16 and bed 17 in Southwest Ler above a 
marker medium to coarse grained sandstone. The above 
distinguished Tithonian depositional sequences correspond to the 
Vail sequences LZA 4.7 and LZB 1.1. Most likely this sequence 
boundary lies within Lower Tithonian, however its correspondence 
to the Kimmeridgian/Tithonian boundary cannot be ruled out. 
There is no way as yet to ascertain as to whether the Pottingeri 
Zone is latest Upper Kimmeridgian or earliest Lower Tithonian 
age, 
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