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PETROGRAPHIC AND GEOCHEMICAL STUDIES OF SOME PHOSPHORITE
DEPOSITS OF HAZARA, PAKISTAN
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Samples from Kakul mine and trenches of several phosphorite deposits were studied. These phosphorites occur
in gradational contact with siltstone, dolomite and chert belonging to Abbottabad Cambrian System. Thinly bedded
phosphorites occur mostly as pellets and microsphorite, while the intraclasts and pscudo-oolites are rare. Fluorapatite
is abundant in all the samples, while quartz, calcite, dolomite, feldspar, illite and hematite occur in minor phases. These
phosphorites are primary marine sediments formed mostly by direct precipitation. Recrystallization is due to intense di-
agenesis, whereas ferruginization suggests weathering of phosphatic horizons in Hazara.
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Introduction

The rock phosphate deposits of Hazara are the only
known commercial deposits occuring in Pakistan. These
deposits,aftertheirdiscovery by Latif [ 1] have been studicd by
Ghaznavi and Karim [2], Hasan and Ghaznavi [3] and Hasan
[4]. The British mining Consultants [S] undertook detailed ex-
ploration studics, which lcad to the devclopment of the
phosphate minc at Kakul by Sarhad Development Authority.
These rock phosphate deposits occur at Kaul, Kalur, Kakul
west, Lambidogi, Tarnawai, Galdanian, Kaludi-Bandi, Lagar-
ban, Dalola and many other localities in a lincar belt ncar
Abbottabad city (Toposheet: 43 F/7,8,9, Fig.1). Hazara
phosphorites occur as a folded, thrusted and faulted scdimen-
tary sequence belonging to Cambrian - Jurassic age. This
sequence forms a part of the Garhi - Habibullah syncline on
the western flank of the Hazara Kashmir syntaxis, a major
structural element of the southern part of the Himalayan
orogenic belt [6].

The geology of the whole phosphate bearing arca is
very complex due to thrusts which are approx. parallel to the
strike and divide the succession into discrete thrust sheets.
The difference in the depositional environment of cach phos-
phate deposit in the arca suggests that large horizontal
movements have taken place along the thrust plancs which
brought into juxtaposition the rocks of widely different
facies [7].

Hazara phosphate deposits remain least undecrstood
because of insufficient geological data generated and pub-
lished on these phosphorites, so far. There is a need to do
further stratigraphic, petrological and geochemical studies on
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Hazara phosphoritc dcposits to improve our understanding
about their origin. This will increase chances of fast develop-
ing and mining of alrcady known deposits like Kakul west,
Dalola, Lagarban ctc. and of discovering ncw phosphate
deposits in the region.

The present work in continuation of carlier studics by
Husain ez al., [8-10], is concerned with petrography and geo-
chemistry of Kakul, Kakul west, Kalur and Lambidogi phos-
phorite deposits.

Materials and Methods

Geologic setting. Hazara rock phosphates comprisc

about 20 deposits occurring over a vast arca in the vicinity of
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Fig. 1. Location map of Hazara phosphorite deposits.
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Abbottabad city. The probable rescrves of rock phosphate in
this arca are about 20 million tons. The rocks exposed in the
region range in age (rom Precambrian to Recent. (Table 1).

The bedded phosphorite deposits of Hazara occur, asso-
ciated with dolomite, chert and  siltstone belonging (0
Abbottabad Cambrian System (Fig.2). There are gradational
and sharp contacts between siltstone, phosphorite and chert
between phosphorite and dolomite throughout Kakul Lambi-
dogi phosphate deposits [11]. Atplaces there is a repetition of
phosphate bearing sequences as in Lambidogi, suggesting
cyclic sedimentation in the arca.

In the arca between Kakul and Manschra-Abbottabad
road, the predominant sturctures are open parallel type folds
plunging shallowly to gently concave, but the synclines arc
more tightly folded, angular and commonly faulted along the
axcs, Kakul west prospect is situated along the southecast off
such a syncline, the western  limb of which is intenscely
sheared. More intense  dcformation  resulted in zones of
closcly spaced faults often associated with chevron folds.
Folding was associated with strike slip laulting and thrusting
which have cffected the phosphorite horizons between Kakul
west and Lambidogi extensively [7].
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Experimental
Thesamples of phosphorite were collected from trenches
made by exploration teams ol British Mining Consultants and
Sarhad Development Authority in Kakul north, Kakul west,
Kalur and Lambidogi phosphorite deposits. At Kakul mine,
phosphorite  samples were collected from various under-
ground levels. These samples representing various phosphor-
TABLE 1. STRATIGRAPHIC SUCCESSION IN PHOSPHATE B EARING
DistricT oF HAZARA [5, 12].

Group/System Formation Member Lithology
Quartcrnary Alluvial deposits
Cretaceous Kawagarh Limestones
Chichali Shales
Jurassic Samana Suk Limestonc
UNCONFORMITY
Tamawai Hazara Phosphorite, quartzite,
Galdanian siltstone, hematitic
Abbottabad Sorban bed phosphorite, chert,
cambrian hematitic beds, dolo-
mite, calcareous silts-
Kakul tone hematitic beds,
dolomite
UNCONFORMITY
Hazara Iazara Slates, grawacke and
precambrian siltstone
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Fig. 2. Geological map of Kakul and Lambidogi, phospherite deposites (after British Mining Consuliants and Sarhad Development Authority, 1977).
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its deposits were studied for their mincralogical, petrographic
and geochemical characteristics.

Results and Discussion

Petrographic description. Ten thin sections of the phos-
phorite samples collected from Kakul north, Kakul west,
Kalur, Lambidogi and some underground levels of Kakul
mine have been studied. For petrological description of these
bedded phosphorites, systematics proposced by Folk [13],
Prevot [14] and Riggs [15]] have been adopted alter some
modifications.

Two basic types of macroscopic phosphorite have been
recognized within Hazara phosphorites-orthochemical and
allochemical phosphorites both are authigenically formed
primary marine scdiments.

(a). Orthochemical phosphorites. Microsphoritc occurs
as irregular and [ragmented bodics being replaced by deep
brown-red coloured secondary iron oxide.

Fine grained siliccous, carbonate and iron oxide inclu-
sions are noticed in the  [ragmented microsphorite. The
cryptograincd matrix of quartz, silt, dolomite and calcite is
also scen mixed with iron oxide pockets replacing the micro-
sphorite. The microsphorite and iron oxide constitute about
90% of the rock and the remaining 10% compriscs pelletes
(ranging in shape from spherical to oblong), matrix and
terrigenous inclusions. (Fig.3A). The formation of the micro-
sphorite is thought to take place in rclatively low encrgy
cnvironments. However, eroded bodics of microsphorite
along with oblong pellcts indicate periodic high cnergy storm
events and subsequent transportation  within the basin of
deposition [15].

(b). Allochemical phosphorites. In Hazara phosphoritcs,
the most common allochems are pellets and rarely intraclasts
and pscudo-oolites.

The pellets in Hazara phosphorites occur in a varicty of
shapes. The size of cach pellet varies from 0.1 to 1 mmormore.
In this arca the pellets constitute 50 to 90% of the phosphate
macrograins. The remaining consists of medium to coarse
quartz and carbonate intraclasts, matrix and terrigenous
inclusions.

The light colourcd subangular shaped and uniformly
sorted pellets occur in aggregates or clusters withdark brown
red colouriron oxide droplets and staining between the grains
and on their boundarics (Fig.3B). Mixed with iron oxide arc
also reerystallized fine grains of quartz and carbonate which
cement the pellets and also occur as minor terrigenous inclu-
sions within these pellets. In some cases, very fine sized
oricnted pellets occur along with quartz intraclasts of the same
size and matrix of chert, carbonate and iron oxide. (Fig.3C).

Some pellets are very large in size and ovular in shape
constituting about 90% of the whole rock. The recrystallized
bands of apatitc on the pellet boundaries are quite prominent.
The cryptograined quartz dominantly occurs along with small
amount of silty, carbonate and iron oxidc matcrials both as
cement and inclusions within the pellets (Fig.3D).

Another varicty of pellets occuring in these phosphorites
is an aggregate of aurcolated grains enveloped in phosphatic
aurcolc of sccond generation (Fig.3E). These aurcoles are
cemented by micrograined and cryptograined silica. The same
material composed mainly of chert occurs as inclusions within
the aurcoles. This varicty and other varicties of aggregate
grains appear to be instances of biological mediation [16].

There occurs light coloured oolitic and subrounded to
rounded pellets of various size. The recrystallized quartz, car-
bonate grains and sccondary iron oxide are main components
of matrix and inclusions which occur within apatite pellcts
(Fig.3F). These macrograins have fine recrystallized bands of
apatitc and show abraded margins.

Fig.3A. Microsphorite (M), apatite pellets (P) and dark coloured iron
oxide (CPx25).

Fig.3B.Surbounded  shaped apatite pellets (P) and iron oxide
(CPx25).
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Subrounded apatite grains with reerystallized  quartz phosphate rock as also noticed in the ficld (Fig.3G). The
(both coarse and find grains) constitute matrix and the Fig.4A very clearly shows a sharp contact between siliccous
inclusions. The size of recrystallized quartz  varics very and phosphate rocks. The light colourcd part constitutes re-
widcly. There appears to be a sharp contact between  phos- crystallized coarse and fine graincd silica corroding the
phate grains and siliccous matcrials occuring in the cherty borders of phosphatic grains. The Fig. 4B is another view of

Fig. 3C. Fine sized oriented pellets along with quarntz (Q) intraclasts and Fig. 3F%. Pscudo-oolitic pellets (P) embedded in matrix (Mt) consisting
droplets of iron oxide (CPx25). of quartz, carbonate and iron oxi.  CPx25). ;

Fig. 3D. Reerystalized appatite (RCA) around apatite pellets (P) alon;: with Fig. 3G. Subrounded apatite pellets (P) embedded in recrystallized (RC)
cryptograined quanz (Q), silt and carbonate. siliccous and carbonate grains (CPx25).

Fig. 3E. Aureolated (Al) grains of apalite enveloped in an aureole (A2) Fig. 4A. Phosphate (P) grains showing sharp contact with siliceous (Q)
of another generation (CPx25). material (CPx25).
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the phosphatic part of the same thin scction which shows that
apatite mostly occurs as spherical shaped pellets with recrys-
tallized boundarics of apatite and chert as well as cherty
inclusions.

Similarly in Fig. SA there is a sharp contact between
medium sized dolomite grains and phosphate grains with
much recrystallized material of carbonate and siliccous com-
position replacing apatite grains. In Lambidogi phosphate
deposits such sharp contact between dolomite and phosphate
rocks arc common. This sample represents such horizon of
phosphatic and gritty dolomites which occurs immediatcly
below the contact with Hazara siltstone [7].

In Fig. 5B there occurs subrounded and oval dark
coloured pellets with abraded or corroded margins and cherty
inclusions. These grains arc sorrounded by cryptograined
recrystallized chert, carbonate and apatite as thick bands on
their margins. The Fig. SC shows apatite pellets of various
shapes and sizes. Thesc grains appearcorroded and deformed
duc to intense tectonic stress which is marked by replacement

of phosphate by dark coloured iron oxide.

Mineralogy. The X-ray diffraction studies on phosphor-
ite samples from Kakul, Kakul west and Lambidogi deposits
reveal that carbonate fluorapatite is the dominating mineral.
The most prominent peaks of apatite (dA®) at 100 intensity
have been identificd as 2.76, 2.79,2.78 and 2.77. The second
most important peaks of apatite are 2.66, 2.69, 2.68 and 2.67.
Thesc apatite pcaks obtained in Hazara phosphorites are strik-
ingly similar to the carbonate fluorapatite pcaks identified in
Birmania phosphoritcs of western Rajasthan, India belonging
to Early Cambrian Age [17].

Geochemistry. The representative samples of phosphor-
ite from different localitics of Hazara were analysed for their
major clement composition (Table 2). The major elements do
not vary greatly in diffcrent phosphorites of Hazara like other
phosphoritcs of the world, mainly because of different sedi-
mentary environments [18].

The statistical plotting of these data in Fig.6 ABCD
shows that P,O; has wcakly positive rclationship with CaO

Fig. 4B. Apatite pellets (P) with recrystallized (Rc) bands of apatite on
their margins (CPx25).

Fig. 5B. Subrounded o oval shaped pellets (P) with cherty (C) inclusions
(CPx25).

Fig. SA. Apatite grains (P) showing sharp contact with dolomite (ID)
grains (CPx25).

Fig. 5C. Deformed pellets (P) of apatite and dark coloured iron oxide
(PPx25).
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TasLE 2. CueMicar ComMposITION OF HAZARA PHOSPIORITES (%).

Sample  Locality PO, CaO MgO AlLO, Fe,O, Acid L.O.L Total
No. o - _insoluble )
B Kakul north 30.30 49.11 Nil 1.22 10.07 6.67 1.89 99.26
S -do- 31.89 48.01 1.79 1.01 1.01 1.27 12.40 97.38
/s Kakul west 31.89 41.58 298 0.28 0.51 17.89 497 99.22
8. -do- 33.66 52.66 Nil Nil 0.07 6.86 3.94 97.19
11. -do- 34.11 53.77 Nil Nil 0.54 4.70 3.73 96.85
12. Kalur 28.35 4435 2.99 0.28 091 19.03 291 98.82
17, Lambidogi 24.80 48.23 9.17 Nil 1.02 3.29 12.13 98.64
23. Kakul mine 34.11 55.22 0.59 0.28 0.18 6.89 3.34 98.61

(3rd level)

and ALO, and Fe,0, whercas the relationship between PO,
and MgO is random.

Hazara phosphorites are marine scdiments precipitated
directly from solution as fluorapatite and not formed by
replacing calcarcous materials [20]. The MgO values are
gencrally low except in Lambidogi, where delomite is asso-
ciated with phosphorite. Low MgO content in other samples
may be due to presence of dolomite only in groundmass. High
SiO, content in most of the samples is probably due to
association of chert with phosphorite, prescnce of quartz and
feldspar, occuring as grains and matrix of primary and secon-
dary origin.

High to low content of Fe, O, in these phosphorites is
mainly due to varying degree of weathering in phosphatic
horizons. The deep brown coloured surface of the samples is
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because of hematite which is formed due to Icaching of the
overlying iron rich rocks [7].

Mining and development. The phosphorite deposits under
study occur within 10 km from Abbottabad city. In Hazara,
only Kakul phosphate mine has been developed, which pro-
duces about 60,000 tons of rock phosphate per year, Lambi-
dogi phosphorite deposits are being mined by open pit method
for blending its ore with low grade phosphate of Kakul. While,
the depositsof Kakul west, Kakul north and Kalur like somany
other phosphorite deposits in Hazara remain undeveloped and
uncxploited.

Pakistan imports huge quantitics of rock phosphate and
phosphatic fertilizers annually to meet the demand of its vast
agricultural scctor. At present the limited production of phos-
phate from Kakul minc is not even sulficicnt to mect the total
requirements of a medium  sized  single super phosphate
fertilizer plant located in Haripur about 30 Km away from
Abbottabad.

Keeping in view the local demand of phosphaltic fertil-
izer in the country and large known resources of rock phos-
phate in this arca concerted efforts should be made to develop
and cxploit other phosphorite deposits of Hazara.
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