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ABSTRACT

Replacement dolomite occurs in Jurassic Samanasuk Formation in Dara Adam khel area of Kohat ranges, North-
Western Himalayas, Pakistan. This study, for the first time, document the process of dolomitization and evolution of
strata bound dolomitic bodies. Field investigation, petrography and geochemistry helped in unraveling the formation
of several dolomitic bodies. Petrographically dolomites comprises of: (1) medium grain crystalline planer subhedral
dolomite (Dol-1); (2) fine grained crystalline anhedral non-planer dolomite rhombs (Dol-11); (3) medium to coarse
grained crystalline subhedral-anhedral non-planer dolomite (Dol-Ill) and coarse to very coarse grained crystalline
saddle dolomite cements (SD). The saddle dolomites (SD) postdate the replacement dolomites and precede telogenetic
calcite (TC) cements. Stable O and C isotope analysis shows that these dolomites have 5’80vpdh ranging from -4.09%
to -10.4 whereas the 513CV,; s ranges from +0.8 to +2.51. Major and trace elements data show that Sr concentrations of
145.5 to 173 ppm; Fe contents of 2198 to 8215 ppm, and Mn contents of 93.5 to 411 ppm. Petrographically replacive
dolomites, saddle dolomite, and 5’80vp . Values depicts neomorphism of replacement dolomites that were formed
earlier were exposed to late dolomitizing fluids. As a result of basin uplift during the Himalayan orogeny in Eocene
time, dolomitization event was stopped through occurrence of meteoric water. The Main Boundary Thrust (MBT) and
its splays were most likely essential conduits that channelized dolomitizing fluids from siliciclastic rocks that were
buried deeply into the Jurassic carbonates rocks, leading to more extreme dolomitization.
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ABSTRAK

Dolomit penggantian berlaku dalam Formasi Jura Samanasuk di kawasan khel Dara Adam, banjaran Kohat, Barat
Laut Himalaya, Pakistan. Kajian ini, buat pertama kalinya, mendokumentasikan proses pendolomitan dan evolusi jasad
dolomitik terikat strata. Penyelidikan lapangan, petrografi dan geokimia membantu merungkai pembentukan beberapa
jasad dolomitik. Dolomit petrografi terdiri daripada: (1) dolomit subhedron perata kristal butiran sederhana (Dol-1);
(2) rombus dolomit bukan perata anhedron kristal butiran halus (Dol-11); (3) dolomit bukan perata subhedron-anhedron
kristal butiran sederhana hingga kasar (Dol-111) dan simen dolomit pelana kristal kasar hingga kasar (SD). Pelana
dolomit (SD) menunda penggantian dolomit dan mendahului telogenetik kalsit (TC) simen. Analisis isotop O dan C
yang stabil menunjukkan bahawa dolomit ini mempunyai 6180vpdb antara -4.09% hingga -10.4 sedangkan 613Cvpdb
berkisar antara +0.8 hingga +2.51. Data unsur utama dan unsur surih menunjukkan bahawa kepekatan Sr dari 145.5
hingga 173 ppm; kandungan Fe dari 2198 hingga 8215 ppm, dan kandungan Mn 93.5 hingga 411 ppm. Nilai dolomit
pengganti petrografi, dolomit pelana dan nilai 6180vpdb menggambarkan neomorfisme penggantian dolomit yang
terbentuk sebelumnya terdedah kepada cecair pendolomitan lewat. Akibat peningkatan lembangan semasa orogeni
Himalaya pada usia Eosen, peristiwa pendolomitan dihentikan akibat terjadinya air meteor. Sungkup Sempadan
Utama (MBT) dan megarnya kemungkinan besar merupakan saluran penting yang menyalurkan cecair pendolomitan
daripada batuan silisiklastik yang terkubur jauh ke dalam batu karbonat Jura, menyebabkan pendolomitan yang lebih
ekstrem.

Kata kunci: Hidroterma; isotop; pendolomitan; pelana dolomit
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INTRODUCTION

Globally, more than 50% of carbonate rocks are important
hydrocarbon reservoirs, particularly dolomite rocks
(Dickson 1966; Kakemem et al. 2021; Montaron 2008),
therefore, they have been the main attention of research
and exploration for a huge span of time. The dolomites
are formed by replacement of Ca?" with Mg*" within
the calcite mineral lattice. This replacement affects the
volume and crystalline nature of the formed dolomite
(Braithwaite et al. 2004; Hsii 1967). In general, it is
impossible to synthesize dolomite under laboratory
conditions, as for the process of dolomitization it requires
Mg from a peripheral source and normal sea water is the
only source which provides abundant Mg (Bontognali
2008; Fairbridge 1957; Land 1998; Purser et al. 1994).
Even though a chain of dolomitization models particularly
evaporative, seepage-reflux, microbial-mediated and
burial dolomitization have been recommended to explain
the source of these massive dolomite bodies of different
ages in numerous geological settings (Mazzullo 1992),
yet it is still not fully understood. According to various
authors, the dolomite is formed at abnormal temperature
(i.e. temperature > ambient temperature of host rock) is
termed as hydrothermal dolomites (Machel & Lonnee
2002; Swennen et al. 2012; White 1957). During the past
several years, existence of dolomite related to hydrocarbon
reservoirs made the way to widespread studies of dolomitic
bodies that are formed through various procedures (Sibley
& Gregg 1987). Extra studies are still required to better
comprehend the controlling aspects that effect the rock
behavior in dolomitic bodies. Various techniques have
been used for the evaluation of the dolomites worldwide.
The formation of dolomite by the process of evaporation in
Lower-Middle Ordovician cyclic carbonates in northern
Tarim Basin, NW China (Chuan et al. 2017). Similarly, many
authors proposed burial dolomitization model for various
dolomitic units (Martin-Martin et al. 2013; Swennen
et al. 2012). However, tectonic driven or structurally
controlled dolomite characterizes such dolomites that
require additional detailed studies to describe associated
replacement processes (Gomez-Rivas et al. 2012). Several
authors produced various characteristics of tectonic driven
fault-related dolomitic bodies, particularly straightening
out the fluid flow mechanism liable for the process of
dolomitization (Davies & Smith 2006). Moreover, the
link concerning diagenetic alterations that lead to several
dolomite phases and their influence on reservoir properties
has also been debated (Fu et al. 2006). The distributions of
these dolomitic bodies in general monitor the movement

of the feeding faults (pathway for dolomitizing fluid),
but these dolomitic bodies favor appropriate beds where
dolomitizing fluid flow through more permeable beds
as they deviate from the fault and later lead to bedding-
parallel dolomitization or stratum-bound dolostones (Lucia
& Major 1994). In order to recognize the formation of
different diagenetic phases in the strata bound dolomites
a detailed field examination is necessary. The present
work is the first study of the dolomites based on detailed
macroscopic and microscopic petrographic examinations,
and geochemistry of the stratabound dolomites in Jurassic
Samanasuk Formation in Dara Adam village, Kohat
ranges. Previously, Samanasuk Formation was studied
in detail in respect of its sedimentology, paleontology,
and stratigraphy (Wadood et al. 2021). Moreover,
paleoenvironments, paleoclimate, paleoenergy, and
paleosalnity for Samanasuk Formation in Hazara region
was documented (Saboor et al. 2020). The microfacies
related depositional environment and diagentic evolution
was determined in Nizampur, Attock-Cheart Ranges
(Ullah Khan et al. 2020). However, the dolomites are
widely distributed in the rock unit, and are not yet fully
understood. Therefore, this paper aimed to document the
petrography of strata bound dolomitization and to define
the geochemical characteristics of the dolomitizing fluids
that caused dolomitization.

GEOLOGICAL SETTING

The northward movement of Indian plate from the
Gondwanaland occured about 130 Ma ago which lead
to the retrenchment of the Neo-Tethys that was located
between Indian plate and Eurasian plate (McKenzie &
Selater 1973; Rehman et al. 2011). During the Paleocene
and Eocene time the collosion between Indian and
Eurasian plate resulted in Himalaya orogeny in North
Pakistan due to which Indus-Tsangpo suture zone was
formed (Chatterjee & Bajpai 2016; Chatterjee et al. 2013;
Henderson et al. 2011; Leech et al. 2005; Wadood et al.
2020). This suture splits into the Main Mantle Thrust
(MMT) and Main Karakoram Thrust (MKT) in North
Pakistan (Rehman et al. 2011; Tahirkheli 1979). In late
Cretaceous, a terrane was formed an Island arc (Kohistan
Islanad arc) that occurred to the north of MMT which was
sandwiched with Eurasian plate along the MKT to the
North (Alam 2008; Chatterjee & Scotese 2010; Rehman
etal. 2011). In North Pakistan, the Main Boundary Thrust
(MBT) shows the frontal region of lesser Himalayas
mountain range. This Main Boundary Thrust bring
Mesozoic to Cenozoic rocks of Kohat, Kalachitta and



Margalla hill ranges to the surface, tectonically overlying
rocks that are deposited in the adjacent Potwar and
Kohat basin (Khan et al. 1986; McDougall et al. 1993;
O’Brien et al. 2001). The tectonic map with the location
of the study area lies in Kohat near Dara Adam Khel which
are classified by composite set of structures as shown in
Figure 1(a).

The tectonic setup in the study area is characterized
by thrust tectonics as the faults and folds are formed due
to compressional stresses due to the movement of the
Indian Plate towards north (Ghauri et al. 1983; Yaseen
et al. 2021). The leading thrust fault in the study area is
the Main Boundary Thrust fault (MBT). This fault has
thrusted the Jurassic rocks over the Miocene rocks to the
south and Paleocene rocks to the north (Ghauri et al. 1983;
Yaseen et al. 2021). The study area is divided into three
diverse structural zones due to indefinite variation in the
outline of deformation and also has change in the nature,
mechanical retort and age of rocks (Yaseen et al. 2021).
In the Kohat basin the Paleogene to Mesozoic rocks are
thrusted over the Eocene to Miocene strata along the MBT.
Startigraphically Jurassic to Miocene age rocks are present
in the study. These rocks include Samanasuk, Chichali,
Lumshiwal, Kawagarh, Lockhart, Patala, Panoba, Kohat,
and Murree Formations that are strongly folded into E-W
trending Anticlines and Synclines (Ghauri et al. 1983;
Yaseen et al. 2021). The generalized stratigraphy of the
Kohat region is shown in Figure 1(b).

MATERIALS AND METHODS

Field investigations were carried out in the study area
to sample dolomite unit and different diagenetic phases.
Random as well as systematic sampling was carried out
to cover the whole stratigraphic sequence. Thin sections
of the selected representative samples of dolomites
were prepared in the sedimentology department of the
Hydrocarbon Development Institute of Pakistan (HDIP)
Islamabad. These thin sections were then studied for
petrographic observations on Olympus CX41 with digital
camera Olympus DP21 fitted in the Department of
Earth Sciences, Quaid ¢ Azam University Islamabad.
Elemental composition of 22 samples were done using
Atomic absorption spectroscopy in National center of
excellence in geology, Peshawar. Stable oxygen and
carbons isotopic analysis of various dolomite and calcite
phases were carried out in Pakistan Institute of Nuclear
Science and Technology (PINSTECH) Islamabad. The stable
isotope values are expressed in per mill (%) relative to
Vienna Pee Dee Belemnite (V-PDB) by assigning a 8'*C
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value of +1.95% and a 6'%0 value of —2.20%o to NBS19.
The carbonate powdered samples were reacted with 100%
phosphoric acid (density >1.9) at 75 °C in a Kiel Il online
carbonate preparation line (Carbo-Kiel—single-sample
acid bath) connected to a ThermoFinnigan 252 mass
spectrometer. Reproducibility was checked by replicate
analysis of laboratory standards and is better than + 0.05
(15). Dolomite isotopic composition values were corrected
using fractionation factors given by Rosenbaum and
Sheppard (1986).

FIELD OBSERVATIONS

Field observations showed that the host limestone and
dolomitic bodies of various thickness are interbedded
with each other in Dara Adam khel village in Kohat
ranges (Figure 2(a)). The dolomite can be identified
and recognized from limestone by variation in color
present between their exposed surfaces where limestone
of Samanasuk Formation is oolitic in nature (Figure
2(b)), while the dolomites are light brown to dark grey in
color having a sharp contact. The dolomitic rocks in the
study area were distingushed based on color as well as
chopboard weathering in the dolomite which can be clearly
seen in Figure 2(c). In the study area, different types of
dolomite are observed and identified, these include
light grey colored dolomite (Figure 2(d)) and dark grey
colored dolomite (Figure 2(e)) and rusty brown dolomite
(Figure 2(f)). In the study area, these different types of
dolomite were present at contact with each other (Figure
2(g)-2(h)). In addition to matrix dolomite, saddle dolomite
(SD) was also observed in brown colored dolomite Dol-
[T as shown in Figure 2(i). Saddle dolomites were formed
during late stage diagenesis and as a hydrothermal activity
(Davies & Smith Jr. 2006). The calcite cementation phase
postdates dolomitization phases based on crosscutting
relationship (Figure 2(j)). In the Samanasuk Formation,
stylolites are abundant in the dolomitized rock (Figure
2(d)). The stylolites extend laterally up to few meters along
the same layer. There is no specific pattern of spacing
between these stylolites, however, in some set of stylolites,
a spacing of 4-5 cm is observed.

PETROGRAPHIC FINDINGS

Petrographic study establishes a base for defining the
correct diagenetic and depositional sequence of the
different sedimentological units within a Formation.
The variety of dolomite textures depend on the host
limestone composition, formation process, time, source
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of dolomitizing fluids (Boggs Jr. & Boggs 2009).
Petrographically four different types of dolomite were
identified depending upon the distribution, crystal size
and crystal shape (non-planer or planer) (Sibley & Gregg
1987). These dolomites are: (1) medium-crystalline
subhedral planer dolomite (Dol-I), (2) fine crystalline
non planar anhedral dolomite rhombs (Dol-II), (3)
medium to coarse crystalline subhedral-anhedral non-
planer dolomite (Dol-III), and (4) coarse to very coarse
crystalline saddle dolomite cements (SD). Types 1-3
texture of dolomites are replacement dolomite, however
type 4 is dolomite cement. Late-stage calcite cements
are also present in the dolostones. The Dol-I is medium-
crystalline subhedral planer dolomite which is the first
phase of dolomitization as shown in (Figure 3(a)). This
dolomite is having crystal size ranging from 60-120
um. The dolomitization process completely destroyed
the primary sedimentary structures of the host rock and
had preserved the oolitic structure rarely which was
the completely destroyed by the second phase of the
dolomitization Dol-II (Figure 3(b)). The Dol-I has clear
sharp contact with the second stage of dolomitization Dol-
II and is having very less porosity (Figure 3(c)). Dol-1I
dolomite is fine crystalline euhedral to subhedral crystals.
The dolomite shows crystal size of <10 pm and displays
planar e-s texture with moderately regular intercrystalline
boundaries. The original fabric of the precursor limestone
is not preserved. Dol-II shows a clear sharp contact with
medium-crystalline subhedral dolomite (Dol-I), moreover
vuggy porosity is also evident in this dolomite (Figure
3(d)). The Dol-II is crosscut by white calcite cement
(Figure 3(e)) which indicates that the dolomite formation
predates the emplacement of calcite cement. Pyrite
mineralization is also evident which occurred after the
formation of Dol-II as shown in (Figure 3(f)). Medium
to coarse crystalline subhedral-anhedral dolomite Dol-III
is the third stage of dolomitization having crystal size
ranging from 100-150 pm and the crystals are having
cloudy appearance (Figure 3(g)). The Dol-III is rare,
fabric destructive and has strongly destroyed the original
depositional and earlier diagenetic features. The crystals
of Dol-III are interlocked with each other and show
very less intercrystalline porosity (Figure 3(h)). They
commonly exhibit homogenous to weak an undulatory
extinction. Latestage telogenetic calcite cross cut the
Dol-III (Figure 3(i)). Saddle dolomite cement consists
of planar subhedral crystals ranging from 250-1000 pm
which generally have a large cloudy core with a thin clear
rim. Saddle dolomite cements has a sharp contact with
medium to coarse crystalline subhedral-anhedral dolomite

Dol-III (Figure 3(j)). The saddle dolomite appears as
pore filling cement in Dol-III (Figure 3(k)-3(1)).

GEOCHEMISTRY

Major and trace element analysis

A total of 22 samples of different dolomites phases were
analyzed for the elemental composition. The abundances
of major and trace elements in dolomites, including
Fe, Mn, Sr, can provide essential evidences to the
dolomitization process (Gasparrini et al. 2006). For this
purpose, Atomic absorption spectroscopy were carried on
selected samples to define the exact chemical composition
of the dolomites. Figure 4(a) shows the cross plot of Sr
and Fe concentrations, whereas Figure 4(b) shows cross
plot of Mn and Fe concentrations. The Dol-I dolomites
contain an average of 3306.33 ppm of Fe, 159.66 ppm Sr
and 86.16 ppm Mn concentration. Dol-II has an average
of 4675.87 ppm of Fe concentration which exceeds the
concentration in Dol-1. Similarly, the concentrations of
Sr and Mn are 142 ppm, 169.56, respectively. In Dol-III,
the concentration of Fe is two and half times more than
Dol-I and II. The average concentration of Fe content in
Dol-II1 is 7853.4 ppm. However, the average concentration
of Sr and Mn in Dol-IIT is 134.15, 130.9, respectively.

STABLE OXYGEN AND CARBON ISOTOPE ANALY SIS

Oxygen isotope shows the oxygen signature and
temperature of the precipitate solution (sea water, brines
or meteoric realm). The oxygen and carbon isotopic
signatures of the original seawater precipitate will not
be changed if minor neomorphism or burial modification
of fibrous calcite occurs. Though when substantial
neomorphism occurs the isotopic signatures will form
a linear pattern, with the least altered, most marine
values, the more positive ones (Given & Lohmann 1985).
Stable oxygen and carbon isotopes analysis of dolomite
phases, and white calcite shows isotopically light
values compared to the Middle Jurassic original marine
signatures that is —2.8% to —1.8% 6180 , and +0.0%
to +1.8% 8"C, o (Fursich et al. 2004). Stable isotope
signatures of the host limestone show isotopically
light 5‘80Vpdb values (—3.34 to —4.28%o), whereas 6‘3Cvp .
values range from +1.28 to +1.71%o as shown in Figure
5. Such isotopically light S‘SOVP 4 values shows that the
limestone is effected by diagenetic fluids, or the rocks are
affected by high temperatures as compared to the ambient
temperature of the host rock (Shah et al. 2016). The stable
oxygen isotopic signatures of Dol-I dolomite ranges
from —6.49 to —4.09% 6180vp 4 and that of carbon ranges



from +0.8 to +2.51 813CVp 4 Dol-II shows comparatively
more isotopically light values then Dol-I dolomite but
less isotopically lightas compared to Dol-III, saddle
dolomite, and white calcite. Oxygen isotopic signatures
of Dol-II varies from —8.25 to —7.45% V-PDB, whereas
8"C values ranges from +1.28 to +1.88 % V-PDB. The
carbon isotopes signatures are within the range of Jurassic
marine signatures. Third phase of dolomitization Dol-III
showed the highest isotopically light oxygen values that
is —10.41 to —8.87% V-PDB and slightly isotopically light
carbon signatures +1.54 to +1.76% V-PDB, respectively.
Moreover, Saddle dolomite (SD) and calcite cement
shows high isotopically light oxygen values ranging from
—13.27 to —10.23% V-PDB, however carbon isotope
values lies within the range of marine signatures that is
+1.3 to +1.7% V-PDB.

DISCUSSION

PARAGENETIC SEQUENCE

A comprehensive paragenetic sequence of different
diagenetic phases has been established based on field
observation, petrographic, and geochemical studies
(Figure 6) which includes a dolomitization phase
and post dolomitization calcitization phase. Initially,
after carbonate sedimentation the dolomitization phase
resulted in the formation of Dol-I where the oolitic
structure is rarely preserved by the Dol-I (Figure 3(b)).
Moreover, this is then followed by the second phase of
dolomitization which is also evident by the more lighter
isotope enrichment values of S“‘Ovp & Similarly, Dol-III
was formed after the second phase of dolomitization
with the highest lighter isotope enrichment values of
8'%0, - Pyritization occured in shallow to deep burial in
reducing conditions (Adams & MacKenzie 2001). After
the formation of dolomites, deformation and dissolution
(Figure 3(g)) took place resulting in fracture and pore
spaces in these dolomites which were later on filled by
saddle dolomite cement (SD) (Figure 2(i)). These different
phases of dolomitization indicates multiple episodes of
dolomitizing fluids. The dolomitization phase is followed
by calcitization phase which resulted in the formation of
white calcite (Figure 2(j), 3(i)). The E-W trending fault
i.e. MBT and its splays acted as a conduit to the Mg-rich
fluids (Shah et al. 2016).

Stable oxygen and carbon isotope signatures of
the different dolomites phases shows lighter isotope
enrichment values compared to the original sea water
marine signatures which implies that dolomitization
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occurred in different phases. The first phase of
dolomitization that is Dol-I, shows medium-subhedral
crystals and less isotopically light BISOvpdb signatures
comparative to Dol-11 and Dol-III and thus suggest that
it formed reltively early under low temprature conditions
(Gregg & Shelton 1990; Sibley & Gregg 1987). Dol-11
and Dol-III which are fine to coarse crystalline anhedral
dolomite, respectively, with depleted S“‘OVP 4 Signatures
comparative to Dol-I, suggest that they may have formed
at somewhat increased temperature as compared to Dol-I
(Sibley & Gregg 1987). The 6'*C values of these dolomites
are not that much far from the original marine signatures
of the carbonates thus, the carbon isotopic composition
of the dolomitizing fluids likely was protected by the
host rock. Moreover, the saddle dolomite (SD) and calcite
cement (CC) also displayed highly depleted 8”‘0Vp 5 values.
Lighter isotope enrichment oxygen isotopic signature
of saddle dolomite (SD) cement together with coarse
anherdral crystal morphology suggests that dolomitizing
fluids originated from greater depths with relatively
higher temperatures than the replacive dolomitizing
fluids (Davies & Smith Jr. 2006; Sibley & Gregg 1987).
In addition to that, the dolomite phases show a wide range
of "0, values which is consistent with multiphase
dolomitization (Shah et al. 2016). The different diagenetic
phase shows a deviation towards a more negative trend
of oxygen-isotope signatures, and increased temperature
is the possible source of depleted 3'%0 values. The
dolomitization phases are similar to that of Shah et al.
(2016) where only 2 phases of dolomitization were
identified in the Hazara Basin, whereas in this study
multiple phases of deformation in the study area may
have caused more then two episodes of dolomitization.

During carbonate diagenesis, Mn increases and the
Sr decreases, as shown in various studies on the alteration
extent using the Mn, Sr values (Huang et al. 2003). The
low concentrations of Sr for all dolomite samples are
comparable to those of ancient dolomite precipitated
from marine waters (Figure 3) (Machel & Anderson
1989). The elemental composition of different dolomite
phases suggests that Dol-III has higher concentration of
Fe and moderate to low concentration of Mn and Sr which
suggests that this dolomitization occurred at greater
depth as compared to Dol-I and II as such reducing
conditions are met at depth (Ronchi et al. 2012). The
quantity of Fe and Mn content in the late stage diagenetic
dolomite Dol-II1 is higher than that of early dolomitization
Dol-I and II. It is because of the fact that Fe and Mn
are less concentrated in seawater than in diagenetic
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fluids (Tucker & Wright 1990). High content of Fe and
Mn mostly depends on the reducing nature dominating
the environment so that the quantity of Fe and Mn in
dolomites close to surface, due to the oxidizing conditions,
is less than those of burial dolomites formed in reducing
environment. Similarly Dol-I is formed at shallow depth
as the Fe content is less as compare to Dol-II which also
indicates that Dol-II is formed at more depth as compare
to Dol-I. The geochemical signatures of these dolomite
phases may be alter as a result of subsequent later stage
dolomitization events as showing lighter 5'30 as well
as higher Fe-Mn contents suggest shallow burial depth
dolomitization (Koeshidayatullah et al. 2020).

DOLOMITIZATION MECHANISM

Based on field investigation, petrographic studies and
geochemical analyses, dolomitization resulted from the
circulation of fluids along fractures and faults. These
fractures, which later activated or reactivated as MBT
during basin inversion, may have provided the probable
pathways for deeper source Mg-rich hydrothermal fluids,

which is also evident by the presence of Saddle dolomite
(SD). Other possible source includes burial associated
compactional dewatering of the dolomitizing fluids from
deep basinal siliciclastic rocks along the E-W trending
MBT. Matrix-replacive dolomite and saddle dolomite look
as if to have formed near-contemporaneously and from the
same fluid and temperature conditions (Davies & Smith
Jr. 2006). Dol-I and II compared with Dol-III comprises
of large dolomite crystals with growing rarely non-planar
crystal margins and lesser 8”‘0Vp 1 values suggests that
Dol-III formed at higher temperatures (Adabi 2009; Chen
et al. 2004; Ngia et al. 2019). The overlapping values of
S‘SOVP 4 between various types of dolomites (Figure 5)
suggest that the early formed dolomites (Dol-I and II)
were neomorphosed by late dolomitizing fluids that is
for Dol-III. Likewise, S‘XOVpdb values SD dolomite and
replacement dolomites also advocate neomorphism of
the replacement dolomites when they were open to the
later hydrothermal fluids responsible for the precipitation
of SD. Moreover, uplifting related to continent-continent
collision is shown by the occurrence of telogentic calcite
(Figure 3(i)) demonstrating meteoric recharge.
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FIGURE 1. (a) Tectonic map with location of the study area lying in Kohat
ranges bounded by Peshawar Basin to the north and Main boundary Thrust
(MBT) to the south, and (b) Generalized stratigraphy of the study area



FIGURE 2. (a) Paranomic view of the study area showing stratabound dolomitic bodies in
contact with limestone, (b) Oolitic limestone of Samanasuk Formation where the oolites can
be clearly seen, (c) Interbedded dolomite and limestone bodies where chopboard weathering
can be clearly seen, (d) Light grey colored dolomite Dol-I showing stylolites and chopboard

weathering, (¢) Dark grey colored dolomite having chop board weathering, (f) Brown colored
dolomite (g) Contact between brown colored dolomite (BD) and dark grey dolomite (GD),
(h) Contact between limestone and brown dolomite, (i) Brown colored with saddle dolomite
(SD) cement, (j) calcite cement (CC) in brown colored dolomite
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FIGURE 3. (a) Photomicrographs showing medium-grained crystalline subhedral planer dolomite Dol-I, (b)
Rarely preserved oolitic structure by Dol-I which is almost destroyed by the second phase of the dolomitization
Dol-II, it can be seen that Dol-II has more porosity as compare to Dol-I which is shown by blue color, (c)
Contact between different phases of dolomitization that is Dol-I and Dol-II, blue color indicates porosity, (d)
Sharp contact between Dol-II and Dol-I, (e) Calcite cement cross-cutting Dol-11, (f) Pyrite (black rhomb)
mineralization indicated by an arrow in Dol-II. The pyrite mineralization postdates the calcite cementation which
crosscut the Dol-II phase, (g) Photomicrographs showing medium to coarse crystalline subhedral-anhedral
non-planer dolomite Dol-III having cloudy appearance, (h) Interlocked medium to coarse grained crystalline
subhedral-anhedral non-planer dolomite Dol-IIL, (i) Late stage white telogenetic calcite (TC) cement in Dol-III,
(j) Irregular contact between saddle dolomite cement with Dol-III, (k-1) Saddle Dolomite cementation showing
interlocked crystals



—_

Sr (ppm

£
a

=

1200
1000
800+
600

400+

200

& Dol-|
a 47 Dol-l
& Dol

Reduction state increases

oI o 5P

1200
1000+
800
600

400

200

2000 4000 6000 8000 10000 12000 14000

Fe (ppm)

2000 4000 6000 8000 10000 12000 14000

Fe(ppm)

FIGURE 4. Major and trace elements cross-plots (a) Sr and Fe concentrations of different
dolomite phases along with sea water values. The Sr content of dolomites is significantly lower
than the expected seawater values (Veizer 1983), (b) Enrichment of Fe and Mn concentrations

in different dolomite phases

d
»
. hy . 2
ve? *L Yo
1 | & Dotam
‘ .
ﬁ Db iz s o |#s0
= 1% -1 -5 & Dol
; 'l | g D
3 BT
n & |5
Medeoaric alleralion ] 3
i

& 180 %0

FIGURE 5. Stable isotope signatures showing isotopically light oxygen isotope
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FIGURE 6. Showing detailed paragenetic sequence of the Jurassic Samanasuk Formation



CONCLUSION

On the basis of field observations, petrographic, and
geochemical investigations of the dolomites in the Dara
Adam khel outcrop of Samanasuk Formation in Kohat
ranges, the following conclusions are drawn: Three types
of dolomites were recognized: (1) Medium-crystalline
subhedral planer dolomite (Dol-I); (2) Fine crystalline
euhedral to subhedral planer dolomite (Dol-II); and (3)
Medium to coarse crystalline subhedral-anhedral non-
planer dolomite (Dol-III). The dolomites are expected
to have been formed by the high temperature fluids that
moved along the faults and cracks, which may have
caused alterations in degrees of dolomitization. This
theory explained the presence of cement dolomites in vugs
and fractures of matrix dolomites. Based on the oxygen
and carbon stable isotope signatures Dol-III may has
formed at higher temperature as compared to Dol-I and
II, whereas the fluids responsible for the formation of
dolomite originated from deep-buried conditions as shown
by the more Fe values which shows reducing conditions.
On the basis of the proposed research dolomitization
model, the research area dolomites were determined to
have formed mainly in early stages and were later modified
by burial and hydrothermal dolomitization where the faults
played an active role as a conduit.
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