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COMPARATIVE EVALUATION OF LATERITE DEPOSITS OF PAKISTAN

NisAR AlIMAD, M.A. QAISER AND M. AMIN
PCSIR Laboratories, Peshawar, Pakistan
(Received November 25, 1989; revised June 20, 1990)
Studies on various samples of laterites from Cherat, Attock, Abbotabad, Sargodha and Ziarat arcas of Paki-

stan were carried out by chemical, x-ray powder diffraction and thermal analysis for comparative evaluation.
The minerals identified in these laterites are vermiculite, goethite, calcite, limonite, hematite, quartz, kaolinite,

diaspore, bochmite and illite.
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Introduction

Laterite deposits have been reported in (Cherat)
Peshawar, (Abbotabad) Hazara, (Attock) Rawalpindi,
(Chapper Salt Range) Sargodha and (Ziarat) Quctta Divi-
sions of Pakistan [1]. These deposits arc of variable compo-
sition with high silica content (12.21 10 46.90%).

Cherat laterite is exposed at the disconformable con-
tact between Lochart limestone of lower Palcocene age and
Patala Formation of upper Palcocene to lower Eocene
age [2].

The Attock and Sargodha laterites form lIenscs at the
base of Eoccne limestone; whereas the Ziarat laterite is
found ncar the basc of Palcocene limestone. The composi-
tion of this deposit changes abruptly both laterally and ver-
tically [3].

The Abbottabad laterite deposits are scdimentry layers
of hematite claystone with a high content of alumina [1].
The present paper reports comparative chemistry and min-
eralogy of the laterite deposits of Pakistan.

Experimental

Chemical composition. The lateritc samples were ana-
lyscd chemically by conventional as well as by instrumen-
tal methods. SiO,, Fe,0,, ALQ,, TiO,, CaO, MgO, Na,0,
K,O and L.O.I were determined. The results of the analyses
of samples from various arecas arc given in Table 1.

Thermal analysis. MOM derivatograph (Paulik-Pau-
lik-Erdey [4], Hungary) was used for simultancous diffcr-
ential thermal analysis (DTA), thermogravimetry (TG) and
derivative thermogravimetry (DTG) for all the samples.
The experiments were carricd out using platinum crucibles
and slatic air atmosphere over a temperature range 20 -
1000°. Heating rate was 10° /min. Alumina (ALO,) hcated
previously at 1000° was used as rcference material. The
derivatogram (DTA, TG and DTG curves) was recorded on
a photographic chart. Derivatograms of the samples are
shown in Fig. 1. The results from DTA, TG and DTG arc
shown in Table 2.

X-ray diffraction (XRD) analysis. A Scifert X-ray unit
with Dcbye-Scherrer camera (dia=11.4 c¢cm) was used. A
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Fig. 1.

paste of the sample was made with a drop of collodion and
molded to a cylinder 0.5 mm in diamcter and 10 mm in
length. The samples were irradiated by Ni-filter Cu K, ra-
diation for 6 hr at 35 kV and 20 mA. XRD diffractograms
of cight samples of laterites from differcnt localitics are
presented in Fig. 2 and the summary of mincrals identificd
in cach sample is given in Table 3.



266

N. AuMAD, M.A. QAISER AND M. AMIN

TaBLE 1. CueMicar, CoMPOSITION OF LATERITES.

Composition Cherat Attock Abbottabad  Chapper salt Ziarat
1 2 3 4 range v
SiO, 30.10 37.36 48.98 36.10 30.25 12.21 24.21 16.31
Fe O, 24.21 50.10 09.89 13.93 29.87 22.10 21.40 26.35
ALO, 30.13 08.78 16.78 3041 23.99 50.98 35.12 45.15
TiO, 1.57 00.69 00.38 00.14 01.18 02.61 01.48 01.68
Ca0O 0.34 00.31 07.20 05.73 02.98 00.31 01.21 00.10
MgO 0.13 00.12 01.15 00.61 00.21 00.11 01.50 Nil
Na,0 1.01 00.53 00.71 00.63 00.65 01.03 00.13 00.53
K,0 121 00.64 00.24 00.27 00.29 00.81 00.21 00.21
L.O.I 11.86 02.99 14.78 13.14 10.98 11.12 18.17 10.20
Total 100.56 101.52 100.11 100.96 100.40 101.28 103.43 100.53
Mineral composition
Vermiculite 25.30 - 25.60 - 18.00 - - 2.16
Kaolinite 09.20 12.60 06.60 70.90 49.20 05.20 40.20 5.21
Diaspore 28.50 - 12.60 - - 56.20 - -
Boehmite - - - - - - 16.20 44.25
Goethite 18.90 01.70 - 02.00 - - 20.00 20.10
Limonite - - - - 08.60 02.30 - -
Hematite 06.00 48.90 - 14.73 2211 20.70 01.10 09.50
Calcite - - 12.20 - - - - -
Magnesite - - 02.50 - - - - -
Quartz 12.30 32.50 40.30 09.20 - 12.98 23.16 18.31
Total 100.20 95.70 99.80 96.83 97.91 97.38 100.66 99.53

TABLE 2. RESULTS OF TIIERMAL ANALYSIS.

Laterites DTA TGA Minerals ~ Percentage
samples  Endothermic  Exothermic % loss identificd
peak°C peak°C
Cherat-1 140 3.20 Vermiculite  26.0
230 0.53
370 1.80 Gocthite 18.0
560 4.50 Diaspor 30.0
600 940 1.37 Kaolinite 09.5
Cherat-2 100 0.60 Moisture 00.6
360 0.16 Gocthite 02.0
390 1000 1.80 Kaolinite 13.0
Cherat-3 140 3.30 Vermiculite  26.0
220 0.40
600 2.20 Diaspore 15.0
630 1.00 Kaolinite 07.0
750 1.30 Magnesite 02.5
900 970 4.80 Calcite 11.0
Cherat-4 120 1.00 Moisture 01.0
370 0.27 Goethite 02.6
620 980 10.00 Kaolinite 72.0
Attock 140 2.00 Vermiculite  18.5
230 0.67
340 1.30 Limonite 09.0

Table 2 cont. on 2nd colm.

Table 2 continued

620 990 6.70 Kaolinite 48.0
Abbotabad 120 0.80 Moisture 00.8
330 0.40 Limonite 02.8
560 8.67 Diaspore 57.0
600 990 0.60 Kaolinite 05.0
Chapper 120 3.20 Moisture 22.9
salt range 370 2.00 Goethite 20.0
480 1.30 Boehmite 09.0
620 1000 5.70 Kaolinite 41.0
Ziarat 120 2.70 Moisture 02.7
360 2.10 Goethite 21.0
590 7.60 Bochmite 50.0

Results and Discussion

The chemical analyses of Cherat laterites indicate
abrupt changes in the chemical constituents. SiO, varies
from 30.10 to 48.98 %, Fe,0, from 9.89 10 50.10 %, ALO,
from 8.78 10 30.41 % and CaO from 0.31 t0 7.2 %.

Attock and Chapper salt range lateritcs are ferrugi-
nous whereas Abbottabad and Ziarat laterites are alumi-
nous. Abbottabad laterite contain 50.98 % of AlO,
whercas Ziarat laterite contains 45.15 % of ALQ,.

X-ray powdecr diffraction and thermal studies reveal
the presence of somc mincrals in the laterites of various
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Fig. 2. XRD diffractograms of 8 samples of laterite.

TABLE 3. X-RAY PowER DIFFRACTION RESULTS.

Whole rock mineralogy Clay mineralogy
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Cheratl ++ + + - - + + o+ o+ -
Cherat2 - + + - - 4+ = 4 =
Cherat3  ++ + + - ++ = T T
Cherat 4 + - - - - T
Attock + -+ -+ - = -
Abbotabad - = # = + - - +++ -
Chapper ++ ++ - - - + s o= G &
salt range
Ziarat R S - - -+

(++) indicates the presence of the mineral in major quantity; (+) Indi-
cates the presence of the mineral in minor quantity.; (-) Indicates the ab-
sence of thc mineral.

localities e.g. vermiculite, kaolinite, diaspore, bochmite,
gocthite and quartz in major quantity while limonite, illite
and hematite in minor quantity. Limonite (2F¢,0,.3H,0) is
a hydrated oxide of iron with poorly developed crystalline
character and broadencd x-ray reflections were obscrved.
Goethite (a Fe,0,.H,0) and hematite (a Fe,0,) are impor-
tant constitucnts of limonite. The mincral constituents cal-
culated by TG and DTG are in good agrcement with those

calculated by chemical composition (Table 1). The result of
the mincral contents in all the specimen by TG and DTG
arc shown in Table 2. For interpretation of XRD the served
data of the samples were compared with that of Brown [5]
and ASTM powder diffraction filc [6]. The minerals identi-
ficed were vermiculite (14, 3.45, 1.53 A), kaolinite (7.17,
1.49, 3.55 A), diasporc (3.99, 2.32, 2.13 A), bochmite
(6.11, 3.16, 2.35 A), gocthite (4.21, 2.69, 2.40 A), limonite
(10.10, 2.59, 4.53 A), hematite (2.69, 1.69, 2.51 A), calcite
(3.03, 2.09, 2.28 A), quartz (3.34, 4.26, 1.81 A), and illitc
(4.46,3.36,2.57 A).

Hematite varies from nil to 48.90 %, gocthite from nil
to 18.90%, limonite nil to 8.6 %, kaolinitc from 6.60 to
49.20%, quartz from 9.20 to 40.30 % and vermiculite from
nil to 25.6 % in Cherat laterite. Ziarat laterite contains
9.50 % hematite, 20.10 % gocthite, 50.90% bochmite and
18.31% quartz.

The analytical data of Cherat laterite shows that this
deposit is of variable composition. The alumina and iron
contents of the Cherat deposit arc 8.78 10 30.41 % and 9.89
to 50.10% respectively. Location of sample no. 2 with
50.10 % Fe,0, content may be used as a source of iron.

The Auock and Sargodha laterites arc poor sources of
iron and alumina. Due to high silica (30.25%) content and
low iron and alumina contents, thesc may not be suitable
for stecl and alumina industries.

The iron content (Fe,0,) of Abbotabad and Ziarat de-
posits is low, 22.10% and 26.35% rcspectively, whercas the
alumina content of Abbotabad and Ziarat deposits is high
(50.98 % and 45.15 % rcspectively). However, detailed
studies of these deposits should be carried out before its
commercially exploitation for the aluminum and aluminum
chemical industries.
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