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Abstract

 The Eocene Nisai Formation of the Pishin Belt at its type section represents thick carbonate-
siliciclastics, deposited in an intermittent sub-basin between Eurasian and Indian plates on the north-western 
margin of Pakistan. These carbonates contain rich assemblages of Larger Benthic Foraminifera (LBF) 
(Discocyclina, Operculina, Alveolina, Assilina, milliolids, Nummulites etc.), smaller benthic, planktonic 
foraminifera and other fossil assemblages such as molluscs, brachiopods, bryozoans, algae etc. Microfacies 
of the Nisai Formation have been studied using biota along with the lithological characters and sedimentary 
textures. Eight carbonate microfacies have been recognized representing deposition in an inner ramp to outer 
ramp settings. The association of abundant Nummulties, Assilina, lenticular Discocyclina and algae along 
with quartz grains at places represent a mid-ramp setting developed as result of episodic relative sea level fall, 
enhanced continental weathering and tectonic uplift. Flattened Discocyclina, Operculina, Nummulities, 
smaller benthic foraminifera, planktonic foraminifer accumulation indicates an outer ramp setting and 
milliolids contribute shallow marine inner ramp environment.

Keywords: Nisai Formation, Microfacies, Larger Benthic Foraminifera, Planktonic Foraminifera, 
Depositional Environment, Pishin Belt 

1.  Introduction       
    
The early Paleogene was a time of active 
tectonics and extreme global warming which 
caused perturbation in marine environments 
(Zachos et al., 2001). The marine shallow water 
environments were mainly occupied by larger 
benthic foraminifera (LBF), algae and corals 
(Hottinger, 1997, 1998; Afzal et al., 2011a, 
2011b). These extreme warming conditions and 
increased sea surface temperatures of the 
Eocene caused decline of the coral reefs by 
expe l l i ng  t he  t empera tu re  s ens i t i ve 
endosymbionts zooxanthellae from coral 
tissues (Payros et al., 2010). The decline in 
coral reef rimmed platforms provided an 
opportunity to LBF to flourish in the stressed 
environments as LBF modified their life 
strategy by adapting adult dimorphism and 
increasing their test size, thus paving way for 
the development of widespread carbonate ramp 
system (Hottinger, 1998; Hallock, 2001; 
Scheibner and Speijer, 2008). LBF being the 
major component of the Eocene carbonate 
platforms and one of the major carbonate 

producers have shown greater diversification 
owing to their sensitivity to light, temperature, 
sea water chemistry, water depth and substrate 
which made them one of the most useful tool to 
reconstruct the palaeodepositional settings 
along with other biogenic (molluscs, algae, 
corals etc) and abiogenic components 
(Hottinger, 1998; Pomar and Hallock, 2008).  

 The Paleogene strata in Pakistan is 
represented by excellent outcrops in the Indus 
Basin and the Pishin Belt. The Palaeocene-
Eocene succession of the Indus Basin of 
Pakistan has received attention for modern 
biostratigraphic and palaeoecological studies 
for the last two decades (Warraich et al., 2000; 
Afzal et al., 2009, 2011a, 2011b; Hanif et al., 
2014; Babar et al., 2018; Rehman et al., 2018; 
Ishaq et al., 2019; Uddin et al., 2019; Kamran et 
al., 2021) but the palaeontological data from the 
Eocene of the Pishin Belt, Pakistan is still scant 
and is poorly understood despite the excellent 
outcrops of the Eocene Nisai Formation. The 
Nisai Formation was formed after the 
emplacement of Ophiolites during Eocene-
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Oligocene and is exposed throughout the Pishin 
Belt, particularly on the northern and southern 
sides of the Zhob Valley.  The formation 
represent thick marine succession attaining a 
thickness of more than 900 m in some areas 
such as the type locality and consists of thin to 
thick bedded, nodular, reefoidal limestone, 
mudstones, sandstone and conglomerate. The 
limestone at many places is rich in fossil such as 
corals, foraminifera, echinoderms, bryozoans, 
molluscs, algae and ichnofossils. But despite 
the presence of various facies and rich faunal 
assemblages, the formation is still loosely 
defined in terms of age and palaeodepositional 
settings. However, some recent studies have 
given some details of the biostratigraphy and 
depositional setting of the Nisai Formation.  
Recently, Bukhari et al. ,  (2016) have 
documented diverse LBF from the type section 
of the Nisai Formation and dated the formation 
as Middle to Late Eocene based on the presence 
of Asterigerina rotula, Assilina sublaminosa, 
As. leymeriei, As. subspinosa, Sphaerogypsina 
globula, Austrotrillina eocenica, Rotalia 
trochidoformis,  Ranikothalia nuttall i , 
Lockhartia hunti, Nummulites fabianii, and 
species of Pellatispira, Linderina, Amphiste-
gina, Heterostegina, Austrotrillina, Calcarina, , 
Asterocyclina, ,  Pellistella, Discocyclina, 
Eorupertia and Operculina. Based mainly on 
lithofacies and some petrographic samples 
from different outcrops of the Nisai Formation 
Kakar et al., (2022) has interpreted deltaic, 
platform, slope and basinal settings for the 
Nisai Formation. The type section of the Nisai 
Formation still lacks detail microfacies studies 
and in this study we aim to document different 
microfacies and interpret palaeodepositional 
setting of the Nisai Formation in the study area.

2. Geological Setting 

 The Pishin Belt is the northeastern 
extension of the Makran-Khojak-Pishin Flysch 
Belt in the northwest of Pakistan. This younger 
northeast-southwest oriented belt is 700 km 
long and 200 km wide. The belt is bounded by 
Eurasian plate (Afghan Block) along strike slip 
Chaman Fault in the west and northwest and by 
the Indian Plate along Zhob Valley Thrust in the 
east-southeast (Lawrence et al., 1981; Bender 
and Raza, 1995; Jadoon and Khurshid, 1996; 
Kasi et al., 2012; Ullah et al., 2022, Fig. 1). It is 

a wide southeast convex belt comprising 
several thrust-bound stratigraphic zones (Kasi 
et al., 2012). The Pishin Belt broadly forms a 
part of the Pishin-Katawaz Basin which was a 
remnant ocean evolved during the Eocene 
because of the collision of the Indian and 
Eurasian plates (Qayyum, 1997; Kasi et al., 
2012). The Pishin Belt represents thick 
sedimentary succession from Eocene to 
Recent, mostly composed of siliciclastics with 
some carbonates sediments? Or beds/layers? 
(Qayyum, 1997; Kasi et al., 2012; Bukhari et 
al., 2016). The carbonate sediment such as 
Eocene Nisai Formation is the lower most 
formation underlying the Muslim Bagh 
Ophiolite (Kakar et al., 2022). The Oligocene-
Early Miocene Khojak Formation, which 
underlies the Nisai Formation is a fluvio-deltaic 
and submarine fan succession (Qayyum, 1997; 
Nizami et al., 2008; Kakar et al., 2016). The 
Khojak Formation is overlain by the Neogene 
fluvial successions of the Dasht Murgha Group 
(Khuzhobai, Bahlol Nika, and Sra Khula, 
formations), Malthanai and Bostan formations 
(Kasi et al., 2012, 2017, 2018) (Fig. 1).

3. Methodology

 The type section of the Middle-Late 
Eocene Nisai Formation is exposed at Kazha 
Mirzai (KM) (N 30°55'49.45" E 68°04'11.80"), 
Pishin Belt about 12 Km north of Nisai station 
Killa Saifullah, Pakistan (Fig. 1). The type 
section of the Nisai Formation was logged and 
forty-three limestone samples based on 
lithofacies variation were collected for 
microfacies analysis (Fig. 2, 3). The limestone 
samples were made into thin sections, thin 
sections were studied and photographed using 
polarizing microscopes in the Centre of 
Excellence in Mineralogy, University of 
Balochistan Quetta. Flügel (2010) Comparison 
chart and Visual estimation method has been 
utilized to calculate the percentage of various 
biogenic and abiogenic allochems constituents 
(Table.1). Five views were taken from each thin 
section except those which have very low 
abundance of allochems. Dunham, (1962) 
classification of carbonate rocks have been 
used to recognize microfacies, microfacies 
were given names using low to high abundance 
of allochems, as microfacies resemble with 
ramps carbonate.
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Fig. 1. Generalized lithostratigraphy and tectono-stratigraphic zones of the Pishin Belt, showing 
           the position of study area and surrounding areas (modified after Kasi et al., 2012).

Fig. 2. Field photographs of Nisai Limestone showing the middle unit 
argillaceous limestone interbedded with shale (A), medium to thick 
bedded dark grey, argillaceous, limestone in lower part (B), slightly 
nodular limestone, rich in Discocyclina (C), arenaceous limestone 
at places, highly fossiliferous, rich in LBF in lowermost unit (D), 
fossiliferous limestone interbedded with shale present slightly 
above lowermost part (E), upper part of the section with thick 
nodular limestone in F), uppermost unit with thick bedded, nodular 
limestone in G), middle unit with thick, dark grey limestone in H).
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Fig. 3 Lithological column and vertical distribution of microfacies, depositional environment 
and microfacies textures of the Nisai Formation at the KM section, Pishin Belt, Killa 
Saifullah.

4.  Result and Discussion

4.1. Microfacies of the Nisai Formation at the 
Type Section Kazha Mirzai (KM)

 Petrographic study of the Nisai Formation 
at KM shows eight major microfacies 
consist ing on mudstone,  wackestone, 
packstone and grainstone. The microfacies are 
divided into their sub-microfacies based on the 
allochems content. These are as follows:

Ÿ Planktonic Mudstone (KMF-1)
Ÿ Planktonic Wackestone (KMF-2)
Ÿ Bioclastic LBF Discocyclina Wackestone 

(KMF-3)
Ÿ Siliciclastic Bioclastic LBF Packstone 

(KMF-4)
Ÿ Bioclastic LBF Packstone (KMF-5)
Ÿ Bioclastic Planktonic-BF Wackestone-

Packstone (KMF-6)
Ÿ Bioc la s t i c  SBF-LBF Wackes tone -

Packstone (KMF-7)
Ÿ Bioclastic Milliolids Grainstone (KMF-8)



15

4.1.1 Planktonic Mudstone (KMF-1)

4.1.1.1 Description 

 In field, this microfacies is represented by 
thin to medium bedded dark grey argillaceous 
micrtic limestone interbedded with shale and in 
the middle unit of section (Fig. 3,2A). This 
microfacies consist by sample number KM-20 
to KM-27. The average allochems are 
calculated as 9.2%. These skeletal allochems 
are dominantly planktonic foraminifera (07%), 
rare bivalves (0.1%), undifferentiated bioclasts 
(01%) and other foraminifera (1.1%). The 
remaining 89.8% consists of micrite matrix 
(Fig. 4, Table.1).

4.1.1.2 Interpretation 

 The higher percentage of planktonic 
foraminifera among the skeletal grains and 
abundance of micritic mud matrix with some 
bivalves indicate a low energy deep marine 
condition (Geel, 2000; Flügel, 2010). This 
facies has been deposited in an open marine 
condition of distal outer ramp environments, 
below storm weather base (SWB) and low 
energy condition suggested for this microfacies 
(Fig. 3, 12). This microfacies is comparable with 
the RMF-5 and SMF-3 of the Flügel (2010).

4.1.2 Planktonic Wackestone (KMF-2)

4.1.2.1 Description 

 In the field this facies is represented by 
med ium to  t h i ck -bedded  da rk  g r ey, 
argillaceous, limestone, interbedded with shale 
(Fig. 2B). This microfacies is present in sample 
number KM-9, KM-14, KM-15 to KM-17. The 
average allochems are calculated as 26.2%. 
Allochems mainly consists of skeletal grains 
(26.2%).  The skele ta l  a l lochems are 
dominantly planktonic foraminifera (21%) 
with some bivalves (1.4%), undifferentiated 
bioclasts (2.4%) and other foraminifera are 
(1.4%).  The remaining 73.8% constituents is 
micrite matrix (Fig. 5, Table.1).

4.1.2.2 Interpretation 

 The rich assemblage of the micritic matrix 
with the planktonic foraminifers and rare 

presence of bivalves for this facies suggests 
outer ramp basinal environment below storm 
weather base, low energy condition and deepest 
oligophotic zone (Geel, 2000; Flügel, 2010), 
which resembles RMF-5 microfacies of Flügel 
(2010) (Fig. 12).

4.1.3 Bioclastic LBF Discocyclina Wackestone 
(KMF-3) 

4.1.3.1 Description 

 In the field, this microfacies is represented 
as medium to thick bedded slightly nodular 
limestone rich in Discocyclina with some 
Nummulites and is present in the upper part of 
the section (Fig. 2C). This facies is represented 
only by sample KM-38. The microfacies 
consist of 51% skeletal allochems and 49% 
micrite matrix. Skeletal allochems dominantly 
consists of LBF (47%) including Discocyclina 
(41%), Nummulites (05%), along with algae 
(01%), brachiopods (01%), undifferentiated 
bioclasts (02%) and (01%) other foraminifera 
(Fig. 6, Table.1).

4.1.3.2 Interpretation 

 Discocyclinas are documented to have 
occupied outer ramp settings (Gilham and 
Bristow, 1998; Racey, 1994) but their flattened 
forms are documented to occur in the mid to 
outer ramp settings (Loucks et al., 1998) in the 
lower photic zone in low-Energy water 
conditions in distal mid to outer ramp settings 
( Yo r d a n o v a  a n d  H o h e n e g g e r,  2 0 0 2 ; 
Beavington-Penney and Racey, 2004; Ćosović 
et al., 2004; Bassi, 2005). The rich occurrence 
of Discocyclina along with Nummulites has 
been interpreted as upper part of the outer ramp 
for the Eocene carbonates of Italy (Bassi, 
2005). The Nummulites are diverse in the mid 
ramp settings but their ecological range extends 
to proximal outer ramp settings (Geel, 2000; 
Payros et al., 2010; Mehar and Adabi, 2014). 
Here, in our findings this microfacies with 
micritic matrix with Nummulites, rare 
brachiopods, algae but dominated by flattened 
Discocyclina suggests proximal outer ramp 
settings in a low energy conditions below storm 
weather wave base and is comparable with the 
RMF-3 and SMF-8 of the Flügel (2010) (Fig. 
3,12).
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4.1.4 Siliciclastic Bioclastic LBF Packstone 
(KMF-4)

4.1.4.1 Description

 This facies is present in the lowermost part 
of the section and is comprised of medium to 
thick bedded limestone interbedded with shale. 
The limestone is dark grey, arenaceous at 
places, highly fossiliferous, rich in LBF (Fig. 
2D). The facies is represented by sample KM-
1to KM-8 and KM-10). In this microfacies the 
average allochems are calculated as 50.56%, 
which mainly consists of skeletal grains (44%), 
some siliciclasts (3.66%), peloids (2.4%) and 
extraclasts (0.5%). The skeletal allochems are 
dominated by larger benthic foraminifera 
(30.5%) including Nummulites (15.2%), 
A s s i l i n a  ( 0 9 % ) ,  A l v e o l i n a  ( 0 . 7 % ) , 
Discocyclina (2.1%) with some algae (6.3%), 
echinoderm (2.5%), bryozoans (1.2%), other 
foraminifera (3.5%) and undifferentiated 
bioclasts (2.6%). The remaining constituents 
consist of micrite matrix 45% and sparite 
cement 4.44% (Fig. 7, Table.1). 
4.1.4.2 Interpretation 

 The diverse assemblages of Assilina 
represented by species such Assilina leymerie, 
A. subspinosa, A. laminosa indicate a distal mid 
ramp environment whereas the diverse and 
abundant assemblage of Nummulites suggest a 
middle mid ramp environment (Vaziri-
Moghaddam et al., 2006; Adabi et al., 2008; 
Payros et al., 2010; Mehr and Adabi, 2014; 
Ishaq et al., 2019; Özgen and Koc-Tasgin, 
2019). The co-occurrence of discoidal to 
lenticular Discocyclinas and coralline red algae 
has been interpreted as proximal-middle part of 
the mid ramp (Loucks et al., 1998; Bassi, 2005; 
Beavington-Penney et al., 2005; Barattolo et 
al., 2007; Afzal et al., 2011a). The diverse 
assemblages of Alveolina are common in the 
distal inner ramp but their ecological range 
extends to mid ramp (Racey, 2001; Beavington-
Penney and Racey, 2004). The presence of 
brachiopods, echinoderm and bryozoans  
indicate a shallow marine environment 
(Scholle and Ulmer-Scholle, 2003). 

 The presence of quartz grains in the 
Middle Eocene is related to enhanced 
continental weathering which was a time of 

tectonic uplift and warm climate in the region, 
which caused an increased rainfall on the 
continental side and contributed siliciclastic to 
Neo-Tethys Ocean (Kiessling and Kocsis, 
2015; Martín-Martín et al., 2020a, 2020b, 
2021). The presence of sandstone is more 
significant in some sections of the Nisai 
Formation (Kakar et al., 2022).

 H e n c e ,  t h e  d o m i n a n t  A s s i l i n a , 
Nummulites assemblage, lenticular/discoidal 
discocyclinas, coralline red algae along with 
extraclasts, quartz and rare presence inner 
ramp-derived larger foraminifera such as 
Alveolina in the micritic matrix indicate high 
energy condition and turbidity currents. This 
microfacies suggests a middle-distal mid ramp 
setting below fair weather wave base (FWWB) 
in a high energy environment (Fig. 3, 12), and is 
comparable with RMF 9 of the Flügel (2010).

4.1.5 Bioclastic LB-Foraminifera Packstone 
(KMF-5)

4.1.5.1 Description 

 In field, this facies consists of medium to 
th ick bedded foss i l i ferous  l imestone 
interbedded with shale present in the lower part 
of the formation represented by sample KM-11 
to KM-13 and KM-19 (Fig. 2E). The average 
allochems are calculated as 53.9% and mainly 
consists of skeletons grains (49.4%) with some 
extraclasts (1.5%) and peloids (03%). Skeletal 
allochems include brachiopods (01%), 
echinoderm (3.5%), bryozoans (02%), algae 
(3.5%), undifferentiated bioclasts (3.5%) and 
LBF (35.9%). Foraminifera are rich and diverse 
represented by Nummulites (17.25%), Assilina 
(3.7%), Alveolina (1.75 %), milliolids (3.5%), 
Discocyc l ina  (06%)  and  some o ther 
foraminifera (3.7%). The remaining 46.1% is 
matrix consisting of 35% micrite matrix and 
11.1% is sparite cement (Fig. 8, Table.1).

4.1.5.2 Interpretation 

 Abundant Nummulites with Assilina are 
present throughout the mid-ramp setting 
(Beavington-Penney, 2002, 2004; Beavington-
Penney et al., 2006; Vaziri-Moghaddam et al., 
2006; Payros et al., 2010; Mehar and Adabi, 
2014). Milliolids are common in shallow warm
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water conditions of inner ramp setting (Geel, 
2000; Vaziri-Moghaddam et al., 2006; 
Brandano et al., 2009) Alveolina indicate a 
slightly deeper inner ramp environment (Racey, 
2001; Beavington-Penney and Racey, 2004). 
Brachiopods, echinoderm and bryozoans fauna 
indicate shallow marine condition (Scholle and 
Ulmer-Scholle, 2003). Coralline red algae with 
lenticular Discocyclina range in the middle part 
of the mid ramp (Loucks et al., 1998; Bassi, 
2005; Beavington-Penney et al., 2005, 2006; 
Barattolo et al., 2007; Afzal et al., 2011a).

Hence occurrence of micritic matrix with 
spirite, rare brachiopods, echinoderms, algae, 
and diverse assemblage of Nummulites, 
lenticular Discocyclina, Assilina along with the 
inner ramp derived  Alveolina, milliolids and 
extraclasts suggests stormy condition of 
proximal-middle mid-ramp environment 
below fair weather wave base (FWWB) for this 
microfacies and is comparable with the SMF-5 
and RMF-9 of Flügel, (2010) (Fig. 3, 12).

4.1.6 Bioclastic Planktonic-BF Wackestone-
Packstone (KMF-6)

4.1.6.1 Description 

 This facies is present in the upper part of 
the section and consists of thick bedded, 
nodular limestone, represented by sample KM-
30 and KM-31 (Fig. 2F). The average 
allochems calculated in this microfacies are 
27%.  The skeletal allochems consists of 
brachiopods (01%), echinoderm (0.5%), 
bivalves (02%), undifferentiated bioclasts 
(04%) and foraminifera (19.5%). Foraminifera 
include Nummulites (3.5%), milliolids (01%), 
smaller benthic forams (6.5%), Operculina 
( 2 . 5 % )  p l a n k t o n i c  ( 0 5 % )  a n d  o t h e r 
foraminifera (01%). the remaining 73% 
constituents' micrite matrix (Fig. 9, Table.1).

4.1.6.2 Interpretation 

 The presence of smaller benthic indicates 
outer ramp and upper bathyal settings (Bandy 
and Arnal, 1960; Zivkovic and Babić, 2003; 
Martín-Martín et al., 2020a, 2021). Operculina 
occupies the distal mid ramp to proximal outer 
ramp 80 m deep photic setting (Sinclair et al., 
1998; Hohenegger et al., 2000). Rich micritic 

matrix with planktonic foraminifera and 
bivalves are indicating deeper depositional 
environments likely outer ramp setting (Geel, 
2000; Flügel, 2010), with bioclastic re-
deposi ted (mainly f ragmented LBFs, 
echinoderms, brachiopods, and smaller benthic 
foraminifera are common forms in these 
settings (Reiss & Hottinger, 1984; Hohenegger 
and Yordanova, 2001a, 2001b; Ćosović et al., 
2004). 

 Here, the occurrence of smaller benthic, 
planktonic foraminifera, thin-walled bivalves, 
micritic matrix with derived upper ramps 
Operculina, Nummulites, and rare milliolids 
indicate that outer ramp environment below 
storm weather base (SWB) is suggested for this 
microfacies (Flügel, 2010) (Fig. 3, 12).

4.1.7 Bioclastic SBF-LBF Wackestone-
Packstone (KMF-7)

4.1.7.1 Description 

In field, this facies consists of thick bedded 
fossiliferous nodular limestone in the 
uppermost unit of the section and is represented 
by samples KM-32 to KM-37 and KM-39 to 
KM-43(Fig. 2G, 3). The average allochems are 
calculated as 24% which mainly consists of 
skeletons grains (23.5%) with some peloids 
(0.5%).  Skeletal allochems consists of 
brachiopods (0.4%), echinoderm (01%), 
bivalves (01%), undifferentiated bioclasts 
(03%) and foraminifera (18.1%). Foraminifera 
include Nummulites (04%), smaller benthic 
foraminifera (7.9%), Discocyclina (3.2%) 
milliolids (0.3%) and other foraminifera (03 
%). The remaining 76% is micrite matrix (Fig. 
10, Table.1).

4.1.7.2 Interpretation 

 Nummulites association with flattened 
Discocyclina describes the upper part of the 
outer ramp oligophotic zone (Bassi, 2005). 
Small benthic foraminifera range from upper 
bathyal zone and outer ramp settings (Bandy 
and Arnal, 1960; Martín-Martín et al., 2020a,b, 
2021). 

 Hence, the occurrence of micritic matrix, 
brachiopod, echinoderm, bivalves with
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assemblages of Nummulites, Discocyclina, 
smaller benthic foraminifera and rare derived 
milliolids allow interpreting this facies below 
storm weather base (SWB) in a proximal outer 
ramp environment and is comparable with the 
RMF-3 of Flügel, (2010) (Fig. 12).

4.1.8 Bioclastic Milliolids Grainstone (KMF-8)

4.1.8.1 Description 

 In field, this microfacies are represented 
by thick bedded, dark grey limestone in the 
middle unit of the section and is represented by 
sample KM-18, KM-28 and KM-29 (Fig. 2H). 
The average allochems are calculated as 33.3%. 
Allochems mainly consists of skeletal grains 
(29%), and peloids (4.3%). The skeletal 
allochems include echinoderm (02%), algae 
(6.2%), undifferentiated bioclasts (05%) and 
LBF (15.8%). Foraminifera are dominated by 
mi l l i o l id s  (12 .8%)  wi th  some  o the r 
foraminifera (03%). The remaining 66.7% is 
the sparite cement (Fig. 11, Table.1).

4.1.8.2 Interpretation 

 Milliolids indicate shallow warm water 
environment of inner ramp condition (Geel, 
2000; Vaziri-Moghaddam et al., 2006; 
Brandano et al., 2009) and the association of 
echinoderm and algae with milliolids supports 
shallow marine settings (Scholle and Ulmer-
Scholle, 2003).

 Hence, the association of milliolids, 
echinoderms, algae and the presence of 
abundant spar cement suggests stormy 
condition of inner ramp environment which is 
comparable with the RMF 27 of Flügel, (2010) 
(Fig. 12).

4.2 Depositional model

 The rich biogenic components, dominant 
micritic matrix with  sparite at places, vertically 
strong facies variation, association of different 
faunal groups and algae, and the inferred 
paleodepositional environment for each 
microfacies of the Nisai Formation suggests 
overall deposition in an inner ramp to basinal 
distal outer ramp environment (Fig. 12). In this 
study the distribution of algae, planktonic 

foraminifera, different types of LBF, other 
skeletal grains, matrix types and their ratio to 
skeletal grains are utilized to interpret the 
deposi t ional  set t ing of  these Eocene 
limestones. The diagnostic characteristic of 
foraminifera such as test size and shape 
(flattened, lenticular/discoidal) are excellent 
indicators of their palaeodepositional 
environment (Rasser et al., 2005; Hallock and 
Glenn, 1986). 

 The most dominant groups among larger 
b e n t h i c  f o r a m i n f e r a  i n  E o c e n e  a r e 
o r t h o p h r a g m i n i d s  ( D i s c o c y c l i n a , 
Asterocyclina) nummulitids, alveolinids and 
miliolids (Hottinger, 1997; Geel, 2000; Racey, 
2001; Mehr and Adabi, 2014; Pomar et al., 
2017). The biodiversity and abundance of each 
individual group indicates a specific depth and 
environment. Dicocyclinids are common in the 
mid ramp to proximal outer ramp settings. The 
lenticular discocyclinds are most common in 
the mesophotic mid ramp setting whereas the 
flattened forms occupied deep water of the 
proximal outer ramp environment down to 
lower photic zone where the LBF biodiversity 
is mainly restricted to flattened discocyclinids 
(Zamagni et al., 2008; Beavington-Penney and 
Racey, 2004; Afzal et al., 2011a). The 
nummulitids (Assilina and Nummulites) are 
abundant in the mesophotic mid-ramp 
environments and the alveolinids and milliolids 
are more diverse in the inner ramp Euphotic 
Zone (Racey, 1994; Bassi, 2005; Barattolo et 
al., 2007; Adabi et al., 2008; Afzal et al., 2011) 
(Fig. 3, 12). Red algae are generally considered 
mesophotic mid ramp biota (Pomar et al., 
2017). The deposition is arranged in a 
deepening sequence that ends with planktic 
foramifer-rich calcareous marls (Báldi-Beke 
and Báldi, 1991; Kázmér et al., 2003).

 Thus, the LBF are important tools to 
model paleoenvironments in shallow-marine 
settings (Geel, 2000; Racey, 2001) and used as 
excellent indicators for facies interpretation 
(Rasser et al., 2005; Mehr and Adabi, 2014). 
The LBF and algae were significant carbonate 
producers in shallow-marine ramp setting 
during Eocene time across the world (Racey, 
2001; Wilson and Vecsei, 2005; Pay-ros et al., 
2010).
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Fig. 4 photomicrographs of the Planktonic Mudstone Microfacies showing planktonic foraminifera 
(PL in A to E), bivalves (Bi in A to C and E), other foraminifera (Oth) in C, D and E), and 
undifferentiated bioclasts (Bio) in A to E).

Table 1. Show petrographical visually estimated average allochems constituents of microfacies in 
Nisai Formation, Kazha Mirzai section, Killa Saifullah.
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Fig. 5 photomicrographs of the Planktonic Wackestone Microfacies showing planktonic foraminifera 
(PL in A to E), bivalves (Bi in A, C and E), other foraminifera (Oth) in A, B, D, E), and 
undifferentiated bioclasts (Bio) in A to E).
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Fig. 6 photomicrographs of Bioclastic LBF Discocyclina Wackestone Microfacies showing 
Discocyclina (Dis) in A to E), Nummulites (Num) in C, D), other foraminifera (Oth) in D), 
algae (Al) in D), and undifferentiated bioclasts (Bio) in D).
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Fig. 7 photomicrographs of Siliciclastic Bioclastic LBF Packstone Microfacies showing the 
Nummulites (Num) in A to E), Assilina (As) in A, B, D and E), Discocyclina (Dis) in A to C), 
Alveolina (Alv A in D), other foraminifera (Oth in A, to C), brachiopods (Br in D and E), 
echinoderm (Ech) in D), bryozoans (Bry) in C), siliciclasts (Si) in A to E),  extraclasts (Ext) in 
E),   peloids (Pel) in C, E), algae (Al) in A to E), calcite vein (Vein) in D), and undifferentiated 
bioclasts (Bio) in A, C and D).
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Fig. 8 photomicrographs of Bioclastic LB-Foraminifera Packstone  Microfacies showing 
Nummulites (Num) in A to E), Assilina (As) in A and E), Discocyclina (Dis) in A, C and D), 
Alveolina (Alv in B), milliolids (Mil in B, C and E), other foraminifera (Oth) in C and D), 
brachiopods (Br in C to E), echinoderm (Ech in A, C and D), bryozoans (Bry in C),  
extraclasts (Ext in B and E), peloids (Pel in A, B and D), algae (Al in C to E), calcite vein (Vein 
in E), spar ( Sp) in D) and undifferentiated bioclasts (Bio) in A and B).
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Fig. 9 photomicrographs of Bioclastic Planktonic-BF Wackestone-Packstone Microfacies showing 
the Planktonic foraminifera (PL in A to E) Nummulites (Num) in A to C and E), smaller 
benthic foraminifera (SB) in A to E), Operculina (Op in A and B), milliolids (Mil) in B and C), 
other foraminifera (Oth) in A), brachiopods (Br) in B and D), echinoderm (Ech) in B and D), 
bivalves (Bi)  in A, B and E) and calcite vein (Vein in A), and undifferentiated bioclasts (Bio) 
in C to E). 
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Fig. 10 photomicrographs of Bioclastic SBF-LBF Wackestone-Packstone Microfacies showing 
smaller benthic foraminifera (SB in to E), Nummulites (Num in A to E), Disscocyclina (Dis) 
in A, B, D and E), milliolids (Mil in C), other foraminifera (Oth) in B and C), brachiopods (Br) 
in B and D), echinoderm (Ech) in A and B), bivalves (Bi  in A, B and D) peloids (Pel) in D), 
and undifferentiated bioclasts (Bio in A and C to E).
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Fig. 11 photomicrographs of Bioclastic Milliolids Grainstone Microfacies showing milliolids (Mil) 
in A to E), other foraminifera (Oth) in A, C, E), echinoderm (Ech) in A, D), peloids (Pel in A 
and B), algae (Al in A to E), and undifferentiated bioclasts (Bio in A, B, D and E).

Eight microfacies identified in the Nisai 
Formation dominantly consists of LBF, with 
some algae, smaller benthic foraminifera, 
planktonic foraminifera and some other 
biogenic components such as brachiopods, 
molluscs and bryozoans. The KMF-8 facies 
with dominant milliolids indicates an inner 
ramp setting whereas the KMF 4 and KMF 5 are 
dominated by Nummulites, Assilina, and 
lenticular Discocyclina with some siliciclastic 
input indicates that these facies have been 
deposited in a mid-ramp setting. The presence 

of siliciclastic hints towards active tectonics in 
the region as the uplifting was taking place and 
may have caused an enhanced continental 
weathering which is noticed in other sections of 
the Nisai Formation in the form of thick 
sandstone beds in the Nisai Formation (Kakar 
et al., 2022). During the Eocene time as the The 
KMF-3 is dominated by flattened Discocyclina 
indicating an outer ramp setting. KMF-1-2 the 
planktonic foraminifera are found as 
mudstones and wackestone with some smaller 
benthic foraminifera at places indicating a deep
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basinal setting. The existence of LBF in the 
Nisai Formation of Pishin Basin reflects that 
the deposition of this formation has taken place 
during the persistence of tropical-subtropical 
climate as compared to other carbonate ramps 
of Tethys (Buxton and Pedley, 1989). On the 
basis of established microfacies of limestones 
of the Nisai Formation the homoclinal slope 
foraminifer's dominant carbonate ramp is 
suggested for this formation. The ramp setting 
for Nisai Formation is supported by the lack of 
reef building organism, the greater quantities of 
micrite in almost every microfacies, lack of 
redepos i t ion ,  ra reness  of  g ra ins tone 
microfacies, and gentle inclination of shallow 
platform to basin (Wright, 1986; Mehr and 
Adabi, 2014).

 According to Racey, (1994) and Gilham 
and Bristow, (1998) ramp models, the Nisai 
Limestone can be divided into inner, middle 
and outer ramp. The inner ramp settings are rich 
in milliolids and alveolinids microfacies, while 
the mid ramp microfacies are rich in lenticular 
Discocyclina and nummulitids. The interpreted 
environments and their vertical variations 
demonstrate that the deposition has taken place 
as asymmetric cyclic, reflecting that most of the 
limestone has been formed in regression.

Fig. 12 Suggested depositional model of the Nisai Formation for the Kazha Mirzai section (modified after 
Flügel, 2010), and distributions scheme of benthic and planktonic foraminifera along the ramp (after 
Gilham and Bristow, 1998; Geel, 2000; Beavington-Penney and Racey, 2004). 
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5. Conclusions

 The Nisai Formation in the study area is 
930 m thick and is composed of thick, medium 
and thin bedded and nodular limestone with 
olive greenish grey shale. The Nisai Formation 
in the type section is rich in fossils at places and 
the microfacies analysis reveal eight different 
microfacies types. These microfacies contain 
various skeletal allochems such as LBF, small 
foraminifera, planktonic foraminifera, red 
algae, bryozoan and brachiopods. Six of these 
microfacies are abundant with allochems of 
L B F  w h i c h  i n c l u d e  a s s e m b l a g e s  o f 
Nummulites, Assilina, Discocyclina, Alveolina 
and milliolids with rare smaller benthic 
foraminifera at places whereas two facies 
contain planktonic foraminifera embedded in 
mudstone to wackestone. These microfacies of 
Nisai Formation are Planktonic Mudstone 
(KMF-1), Planktonic Wackestone (KMF-2), 
Bioclastic LBF Discocyclina Wackestone 
(KMF-3), Siliciclastic Bioclastic LBF 
Packstone (KMF-4), Bioclastic LBF Packstone 
( K M F - 5 ) ,  B i o c l a s t i c  P l a n k t o n i c - B F 
Wackestone-Packstone (KMF-6), Bioclastic 
SBF-LBF Wackestone-Packstone (KMF-7), 
Bioclastic Milliolids Grainstone (KMF-8) and 
their identified environment of deposition 
suggests that the Nisai Formation in the study 
area has been deposited in an inner ramp to 
outer ramp basinal settings. 
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