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THE STUDY OF GEOCHEMISTRY OF THE ALTERATION PRODUCTS OF THE SUSALGALI
GRANITE GNEISS, NEAR AHL, DISTRICT HAZARA,
N.W.F.P, PAKISTAN

BY
FAZAL-UR-REHMAN
Geology Dezpartment, Punjab University, Lahore.

Ahstract + On the Bartal-Manschra road and close to the Ahl rest house north of Abbotabad, Hazara district,
there is a huge depasit of saft, friablz, white-loaking material.  This has been repeatedly investigated, in the past,
by many workers taking it as a deposit of kaolin cfay ; the reports have been both in favour as well a5 against
this assumption. However, these reporis were almost never based on detailed technical investigation which
had been the cause of widely variahle conclusions.

The present paper has been writien on the basis of chemical, wmicroscopie, differential thermal and
infra-red spectrophotometric analyses and also on the basis of geochemical relationships which exist between
the soft, friable dzposit and the immediarely associated Susalgali gronite gneiss.  Moreover it has been dis-
covered that the deposit has gor the same mineralogy and almosi the same chemical compasition as that aof the
surrounding granite gneiss and the deposit can nat be ather  than but an alteration product of the surrounding

rock.

INTRODUCTION

Mear and around P.W.D. Rest House, Ahl
(Lat. 34° 33 20°N Long. 73° 9' 33"E) widely spread
white powdery material hasbecn attracting attention
of gzologists long since. The Geological Survey of
Pakistan hias called it a deposit of K aolin clay. Whilz
carrying out geochemical work on the Manschra-
Amhb State arca (Rehman, 1966) the writer got
intcrested to canry out a detailed investigation.

The deposit is flanked on all sides by the
Susalgali granite gneiss, whereas the Susalgali
granile gneiss is a major and an older member of
the Granite Complex which exists in the Manschra
area, District Hazara (Shams, 1966, 1969). The de-
posit is covered by a layer of alluvium which 1s of
variable thickness, varving from 1' to 15°. The
material of the deposit consists of 30 to 40 per cent
coherent rock fragments which vary in size from
coarse sand to pebble, and 60 to 70 per cent gray

matrix of a soft, friable, finc material most of which
feels gritty. Only 10 per cent of the material feels
slick and non-gritty.

The material along the fresh cuts, 6 t0 12 inches
deep, is eazily disinteprable by crumbling between
the fingers, whereas the material, still deeper, is
comparatively more integrated. It may be due to
fact that most of the fine, soluble material {(and
also if any traces of calcite and magnestite were
present) might have gone into solution in the rain
water, and thus weakening the cohesion of the
residual material, on the surface of the cuts.

SAMPLING

The sampling was started from the fresh por-
tion of surrounding Susalgali granite gneiss and
alter continuing through the deposit, it was stopped
when the other end of Susalgali granile gneiss was
met with again. The rock samples were collected
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Fig. 1. Map showing locations of the selected samples (Mumtaz-ud-Din, 1950.)

along the fresh road cuts, after removing the
surface material upto the depth of 6°-12° till more
integrated rock material was chserved.

Eleven different rock
distinct in colour, coherence, and particle size, were
collected from different sites of the deposit and
the éurrnunding Susalgali granitc gneiss during a
traverse made along the Battal-Mansehra road.
The locations of these sample have been marked

samples, physically

on Fig. 1.

CHEMISTRY OF THE SAMFPLES
{a) Chemical Analyses.

The scheme employed for chemical analyses
can be summerised as follows -

() Estimation of Si;, TiO3, Al O;, Fez O,
(total), MnO contents.
These contents of the selected rock samples
have been cstimated  spectrophotometrically
(Shapiro & Brannock, 1956).
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(b)  Estimation af Nas O and Ks O contents.

These contents of the above samplss have been
cstimated by the uwse of a flamephotometer.
{Shapiro & Brannock 1936),

(c) Estimation of Ca O and Mg O contents.

These contents of the above samples have been
determined volumetrically by the use of versene re-
agent (EDTA) in the presence of Murexide and
Erichrome Black-T respectively. (Welcher, 1961,
Flaschka, 1939).

(d) Estimation of Fe O content.

3

The FeO content of the above samples have
been estimated volumetrically by the use of
standard solution of K Mn O, after decomposing
the rock powder by HF and H, SO;.  (Riley, 1958)

(e) Estimaiion of P2 Qs content.

The P> O, content of these rock samples have
bzen estimated colorimetrically after decompos-
ing the reck powder by HF and HNQ; and pro-
ducing colour with the help of vanadomolybdate.
(Snell, 1943),

The results of the chemical investigations have
bzen given in Table 1.

Sr. MNo.

TABLE 1

Chemieal Analyses

]

! 2 3 4 5

Rock No.* T80 7881 7882 7883 7884 7885

Wi. Percentage of 501, 6l.15 61.05 61.28 60.10 59.02 60.42
TiO, 0.18 0.24 0.1 0.21 0.8 0.15
AlLO; 20.57 21.34 24.40 23.24 25.22 24,4'9
Fe,0; 3.30 2.68 2.01 4.31 385 3.37
Fe O 1.37 1.23 1.30 0.72 0.75 ‘1.06
Mn O 0.12 0.18 0.06 0.12 0.12 0.18
Mg O 3.80 3,80 2.40 1.80 1.75 1.40
Ca0 1.96 1.96 1.78 2.10 0.70 0.84
Na,0 2.97 2.68 2.48 2.97 3.19 3.19
K20 ; 3.88 4.23 3.29 3.30 4.09 3.35
P.0O¢ 0.20 0.20 Tr Tr. Tr. 0.10
H,0 0.78 0.85 0.89 1.08 1.08 1.34

" Total : 100.28 10044 - 100.00 99.95  99.95 99.89

*Numbers correspond to catalogue register.
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TABLE 1 {comtinued)

Sr. Mo. 7 ] 9 1o 11
Rock No. 7886 7887 TRER 7889 7890
Wt. percentage of S0, i 55.65 53.53 50.05 54.13 ) ﬁ'_!.;;-_
TiO, il 0.20 0.20 0.15 0.08 0.08
Al:0y e 2. 29,85 3094 30.59 20.47
Fe, (4 - 2.97 4.13 5.25 3.75 3.48
Fe O 22 1.16 0.38 0.48 D.21 0.28
Mn O o 0.19 0.20 0.18 0.12 0.06
Mg O i 1.37 0.70 1.03 0.68 2.98
Ca O - 0.78 1.26 1.74 0.62 0.68
Na,0 s 3.41 4.03 3.3 2.48 2.89
K,0 4.23 3.39 4.93 6.29 4.21
P:0q i 0.20 0.20 Tr. I'E: Tr.
H20 L 2.05 2.08 1.95 1.25 095
Total : = 99.92 99.97 100.01 100,20 100.01
Method of Calculation of Rock Composition. lo promote the formartion of clay minerals. The
results have been graphically represented on the

(i) The writer has calculated the rock composi-
tions in terms of their normative mineral mole-
cules. The results have been given in the (if) Ir addition, the weight percentages of Aly O,,
Table 2. Morcover he has calculated the ratio Mg, Ca0 K;0, and Na,0 were calculated
of residual alumina and residual silica ® in terms of zram mcles in order to determine

the residual character (Al:D.+K,0/Mz0
L a0+~ Naz0) in each case, (Tahle 3).

Fig. 2.

The above chemical investigations clearly re-

flect upon the fact that the chemical composition of The values as caleulated above, clearly show
the samples which may be suitable for the produe- that the residual character or the alteration effect
tion of clay minerals is possessed only by the increases progressively  as we po inside the de-
7. 8. 9 & 10 samples, otherwise the rest of the posit. These values have been graphically plotted
samples do nol possess sufficient proportion of in Figs. 3 & 4, and it has been found that maximum
alumina, after satisfving the feldspar constituents, alteration effect is observed for sample No. 10.

*The theoretical ratio of Al;O4{8i0; in case of a clay member of kaolin group having formula

Al; Si; O (OH)4, is = 0.83 (Shand, 1952). B s e
3 A0, Aly 5i, Os (OH), = = 1%~ Ghand;
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TABLE 2
C.LP.W. Normative Mincral melecules

Sr. No. 1 2 3 - 5 -__‘—__E-_

Rock No. 7880 7881 7882 7883 7884 7885
Q 19.20 19.19 26.51 22.93 20.45 25.24
or 22.74 25.19 19.40 19.46 24 .45 19.74
ab 25.20 22.70 21,12 25.20 26.99 26.99
an 9.76 9.76 8.73 10. 56 3.61 4.09
G 1.92 5.74 13.49 10.54 14,15 14.10
hy 9.50 9.62 6.65 4.50 4.38 3.50
mt 4.41 4.04 3.04 2.39 2.48 3.43
hm 1.28 - — 2.69 2.18 1.06
il - - —_ =: —
ap — — — = — —

Ratio C/Q 0.41 0.46 0.51 0.47 0.69 0.56

SN 7 8 9 10 T

Rock No 1886 7887 7888 7889 7880
Q 15.68 13.29 6.84 12.12 25.00
or 25.19 20.02 29.08 37.25 25.08
ab 28.93 34.32 27.88 21.12 24.37
an 4.00 6.14 §.53 3.17 3.45
C 16.03 17.23 17.05 18.48 9.86
hy 3.43 1.75 2.58 1.70 7.45
mt 3.67 1.18 1.65 0.72 0.95
hm 0.42 3.3% 4.19 3.23 2.78
il — - = — =
ap - — = —

Ratio C/Q 1.02 1.29 2.49 1.41 0.39
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Fig. 2. Curve showing relationship belween ratio of rormative mineral molecules of Corundum & Quarntz (C/Q) and the
distribution of different altered granite sneiss samples.  Diotted line shows theoratical ratio of C/Q for clay members of
Kaolin group. It also shows that the sample Nos. 7, 8, 9 & 10 were capable of producing clay minerals,

& 00 ~
IE o
[+] 5 00 =
o
L |
z
hrt e
[ =t T s
s % o0
G E
+*
O
o 3.
s €
T — -
2]
(2] [ =
e S
+
P
o
-
< 1
0.00 | | | 1 1 1 1 1 | I
1 2 3 4 5 -] 7 B ] 10 1

Reference number of the samples.

(as shown in Fig. 1)

Fig. 3. Curve showing residual character of different altered granile goeiss samples,
== = == — -« ~+Zample-No, 10 has got the maximunr value for Als O;4K. 0/Mg0-}-Ca0 £ Na,0 fraction, - mr—
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7
TABLE 3
Residual Characier
Sr.* Composition in terms of ¥alue of residual fraction
MNo. om.  molss ALO; -+ K20/MgO+ CaO + NasO
AlLO; K.0 MgO Ca0 Na,O
I. 0.20167 0.0413 0.09350 0.0330 0.0479 0.2430 1.3659
0.1779
2, 0,2092 0.0450 0.0950 0.0330 0.0432 0.2542 1.4677
0.1732
3, 0.2392 0.0330 00600 0.03158 0.0400 0.2742 2.0804
0.1318
4, 0.2278 0.0351 0.0450 0.0375 0.0479 0.2629 2.0161
0.1204
¥ 0.2473 0.0435 0.0437 0.0125 0.05135 0.290% 2.7001
0.1077
6. 0.2401 0.0336 00350 0.0150 0.0515 0.2757 2.7163
0.1015 :
1. 0.2717 0.0430 0.0342 0.0149 0.0550 0.3167 3.0718
0.1031 ;
5. 0.2926 0.0361 0.0175 0.0225 0.0650 0.3287 3.1305
0.1050
9. 0.3033 0.0524 0.0256 0.0311 0.0534 0.3557 3.2278
0.1102
10. 0.2999 0.0669 0.0170 0.0111 0.0400 0.3663 5.3862
0.0681
11. 0.2007 0.0448 0.0745 0.0211 0.0466 00,2455 1.8431
0.1332

*The numbers correspond to these of Tahle Mo_ 1.
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MICROSCOPIC ANALYSES

The optical examination has slhawn Ihﬂ:ﬁ the
130 90 S Samples exwnually consi of

alkali feldspars 53 per cent, quartz 20 per cent.
plagioclase 15 per cent, and accessories like tour-
maline, garnet, and iron ore 4 per cent. Whereas
the samples of gray looking, friable material con-
sist of the same mineralogy with the of addition
sericile. Their proportions, however, have been
found different in different samplzs.  The sericite
content is generally present between 3 to 10 per cent
of the rock material.

DIFFERENTIAL THERMAL ANALYSES

As by the microscopic cxamination one cannot
be very sure about the absence or presence of clay
minerals, therefore the samples were subjected to
the differential thermal analysis.

Most of the samples, of comparatively more
slicky nature, were investigated by the use __oj‘ the
differential thermal technique. One thermogram
(thermal curve) was obtained in each case (Fig. 3)
which clearly showed that none of the samples could
give any prominent endothermic, exothermic peak
characteristic of any of the known clay minerals,
however, the rock samples 8, 9 & 10 showed very
tiny endothermic peaks in the temperature range

between 300 C* to 540 C° (Perkins, 1937). It i,

therefore, proved that the clay minerals, 1f at all
they are present, are found in trace amounts, So,

most -:-.;II ’tl'le rrlaLle SI::}L ma*cr:a] 1|§ Ahmé’t“ﬁg fﬁ”‘léf

than clay minerals.

Moreover, it has been observed from the ther-
mograms for rock samples Nos. 7. 8, 9 & 10 that
there is a small endothermic peak in the temperature
range of 570 C° to 580 C° which indicates the
conversion of a-quartz to F-quartz (Grimshaw,
et al., 1948).

INFRARED SPECTROPHOTOMETRIC ANA-
LYSES

In order to understand the difference in
mincralogy, if there was any. the samples of the
surrounding Susalgali granite gneiss and those of
the deposit were subjected to infrared spectrophoto-
It has been observed from
the various curves (scans) Fig. 6, that the samples

melne investigalions,

of the pranite gneiss and those of the gray friable
material do not have any difference in mineralogy.
From the size of different peaks it is, however,
very clear that the relative proportions of different
minerals in different samples are different. More-
over it is evident from different peaks that the
samples of the friable gray matcrial essentially
consist of «—quartz, microcline, micas (biotite,
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Fig. 5. Differential Thermal curves for diferent samples of the altersd Susalgali Granite Goeiss.

muscovite and sericite), and plagioelase, Garnet

is also present in traces.
DISCLSSION :

From the abovs, LLR.A. and optizal investiga-
tions, it is clear that there is no difference in the
mineralogy of the samples of the friable material and
those of the surrounding Susalgili granite gneiss
(Fig. 6). Therefore this white looking [riable mass
i5 nothing other than the alteration product of the
Susalgali granite gneiss.

The physical appearance and the high alumina
content of the samples Nos. 7, § & 10 are un-
doubtedly misleading the research workers who
may consider it a clay deposit. Normally it can
be expected from the rocks with this much high
aluminia, to produce sufficient amount of clay
minerals. It is ciear from Fiz. 2, which shows
that 7. 8, 9 & 10 were capable of producing clay
minerals as their C/Q ratio is above the eritical value.
Whereas actuzlly it has been proved by D.T.A.

investigations that the presence of clay minerals in
thess samplss is not more than traces, as indicat-
ed by the very tiny peaks observed in the tempera-
ture range between 500 C® and 540 C® (Fig. 3).

N-ray studies (Faroaqi and Qureshi, 1966) have
also shown that the clay minerals may exist in a
small proportion (if’ any) in the highly friable, slick
and gray looking samples only.

T'ha nature of residual character of this part of
the Susalgali granite gneiss, which has undergone
alteration due 1o certain reasons, is quite obvious
from Figs. 3 & 4 which show that this character
£0%3 on increasing as we move from granite gneiss
to the altered zone, and the maximum effect is
around the location of sample No. 10.

Moreover it 13 observed (Fiz. 7) that AlLO,
and 5i0; behave antipathitic to one another, which
means, when AlO; is increasing 510, is decreasing

and vice versa.
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CAUSE OF ALTERATION

Adfter knowing that there 1s no difference in the
mineralogy of the surrounding granite gneiss and
that of the altered granite product, it is nzcessary
io trace the cause of this alteration,

Mormally the alteration of the granite is

brought about by either hydrothermal solutions
or chemical weatherine and in both the cases the

alkali feldspars are very apt to undergo alteration
but quarte, muscovite, etc. are comparatively more
stable,  Usnally the decomposition products are
either () very fine grained variety of hydromica,
called sericite (white micz), or (i) when all the
potassium {or Na or Ca) has been consumed, then
the residual alumina (after satisfying the COMPOs-
tion of feldspars) fulfills the requirements for the
production of hvdrous silicates of alumina (clay
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minerals like kaolinite dickite,, halloysitz etc.).
Therefore in the present situation either hvdrother-
mal sclutions or chemical weathering has been the
cause of this alteration of granite gneiss into a soft,
frable and white looking slicky mass. Tt may be
possible that. in the past, there might have been a
big lake formed by rain on the surrounding high
outcrops which could have caused partial altera-
tion of feldspars into sericite {as at present met
with) by the continuous chemical action of this
accumulated rain water.

However, there is one more possibility for the
alteration of this part of the Susalzali granite
gneiss,  According to Folk (1947) this might have
been due to the alkaline solutions associated with

11

metalliferrous ore deposits.  This possibility needs
confirmation cither by drilling through this altered
zone or by some indirect method like seismic and
aray i1l:.-' survey

COMNCLUSIONS

From the above investigations and discussion
it may be concluded that this friable white looking
slicky mass is nothing other than an alteration
product of the surrounding Susalgali granite gneiss,
and it is nearly without clay minerals (except for the
very small proportions present around the locality of
sample No. 10). Tn future, investigations can be
carried out in order to evaluate the speculation re-
garding this alteration product due to alkaline
solutions associated with metalliferrous ore deposit.
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APPENDIX |
Index to the analyses given in Table |

Sr. No. Car. No. Rock Mup No. Grid Refercnce
l. 7880 Gneissic granite 43 Fj2 200599
2. 7EE1 i i 2003559
3. 7882 - o 2005949
4. T8E3 Altered granite o 200559
5. 7884 5 - 201399
6. 7885 33 i 200599
1 7886 5 . 200599
8. 7887 45 % 199399
9. FE88 " o 199599
10. 7887 v i 169599
11. 7890 Granite gneiss - 195399
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RESPONSE OF MAGNETOGRAPHS TO FARTHQUAKES AT TIIE QUETTA OBSERYATORY,
BALUCHISTAN, PAKISTAN

AZTZ-UR-RATIMAN

Geology Department, Punjab University, Lahore

Abstract 1 The effects of earthquakes on the Ruska normal-run magnetographs at the Quetta Observatory
were studied.  The magninedes of these earthguakes varied from 4 1o 7, their depth of foci from 8 te 225 km
and their epicentral distances from 22 to 715 km. The carthquukes registered a biurring effect on the

magnelograms, which seemed 1o be mechanical in nature.

Due to lack of sensitivity of the instruments, the

hypothetical effects due to piezcomagnetic and  electrical conductivity of the rocks below the observatory could

nor be derected.

INTRODUCTION

The Geophysical Observatory at Quetta (Lat.
30° 11.2N and Long. 66° 57T.0°E ; Geromagnetic
coordinates: ¢=21.6",4=139.7° and +=—8.6") is
situated at a distance of 9.6 km west of the city of
Quetta. There is considerable folding and faulting
in the area, and the station itsell rests on a major
fault plane, at an elevation of 1713 meter above

mean sea level

The  magnetic  variographs—normal-run
(20mm;hr) Ruska-type have been housed in a vault
in the massive Jurassic limestone, about 60 meter
above the foot-hill of northern slopes of the Chiltan
mountain range. The mean sensitivitics of the
variometers, during the pericd under study, were
H, 295y /mm ; Z, 3.55y/mm and D, 5.0~/mm or
0.5 /mm.

SEISMOLOGICAL RESPONSE OF MAG-
NETOGRAPHS

Chapman and Bartels (1940), beside others,
have observed the carthquake effects on the mag-
netograms.  The onset times on the magnetograms

apreed with the times of arrival of the seismic dis-
turbances. The infra-sensitive seismographic be-
haviour of magnctographs is such, that the east-
west component of the ground movement is record-
ed by D-, the north-south component by the H- and
the vertical ground motion by the Z-variographs,

During the period from 1955 to 1967, fifteen
earthquakes, of appreciable intensities, were studied
for their effects on the magnetographs located at
Quetta. In Table I, the seismological data are given
for nine of these earthquakes, whose epicentres with
respect to Quetta arc shown in Fig. 1. 'This selection
is based on the fact, that quiet magnetic conditions
prevailed at the time of recording these earthquakes,
so that the response of the magnetographs was
studied on a smooth record of various magnetic
elements. The amplitudes of the disturbances, as
indicated on the magnetograms, were of the order of
I to 2 mm. However, due to the blurring of the
traces of the magnetograms and poor time resolu-
tion, gquantitalive measurements could not be
carried eut. The characteristics of a typical carth-
quake record was a sharp cut-out at the onset
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TABLE |
Farthguakes Recorded on the Magnetographs of Quetta Observatory
Arrnival Epicentre Alkm) Kegion
S.No. Date Time G.M.T.
L 11255 00 59 95 30.5N. 67.0F 25 Quetta
2. 18-2-55 22 48 33 JO.5M, 67.0F 25 Queita
3 28-1-64 14 09 17.1 I6.5M, 70.9E 175 Hindukush
4, 14-3-65 15 53 06.6 36.3NM, 70.7E 730 Hindukush
5 7-2-66 04 26 13.9 29 8N, 69.7E 250 Barkhan
6. 7-2-06 23 06 3.5 30.2N, 69.5E 250 Loralai
7. f6-6-66 07 46 16.2 36.3N, T1.ZE 750 Hindukush
B. 1-8-66 21 02 59.6 30.0M, 68.7L 160 Duki
9. 11-5-67 08 33 14.4 22 4km §5-W 22.4 Chiltan
of Quetta Hills
TABLE 1 (Cont.)
Depth of Average  Itensity (M.M.S.) Recording of Main Shock
Focus  Magnitude
S:No. (km) Fpi-C Quetta D Z H Remarks
1. §—10 5 VI-Vil v zood nil good Recording of H
stopped
2. 8 6 Vil YVI-VTI good good good Shilt in Z. Record-
ing of D stopped.
3. 207 6.3 Vi1 | good nil good H overlapzd by
base-line.
4, 219 7.5 VI 111 good good gond
5. 33 6.5 VII-IX | good fair oo Several after-shocks
recorded on D, H.
6. 10 (&) VII-1X | good fair good
q 225 6.5 V11 i good nil good
8. 33 6.5 IX v good good zood Shift in H. Record-
ing of I stopped
9. ~15 ~4.5 Vi Y good nil fair Shift in D
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Fig. 1. Leccation of epocentres of the nine carth-
quukes and observatories.

time, accompanied by disappearing or  blurring
of the trace. The blurring was due Lo the damped
oscillations of the magnet system of the magne-
tograph. The reappearing of the trace, after the
blurring. indicated a decrease in the amplitude of
the ground motion. However, the duration of the
blurring seemed to be a factor related to the sensi-
tivity of the instrument. In certain cases. the

o o
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Z-truce, unlike H-and D-trace, showed a sharp cut-
out on both sides of the blurred gap. Since the Z-
variograph was a pivoted instrument, its mechani-
cal oscillations due to ground motion were not
cxpected to ke appreciable, as compared to those of
H- and D-variographs. Some typical

of H-, - and Z-traces are shown in Fig, 2.

records

I'he relevant portion of the nine magnetograms
are reproduced in Figures 3 and 4. The salient
features of some of these are discussed below :

Fig. 3 (@) Arrivaltime:11 Feb. 19552t 0059 539 GMT.
Description : The recerding of H stopped dug
to the relative displacement of the light source
and the mirror, as a result of the shock. This
showed, that the motion recorded was Lrans-
latory, as it was also expected. A lateral shift-
ing of the suspended magnet system has caused
the disappearance of the trace. This was con-
trary to the views ecperessed by Eleman (1966).
The light intensity of trace D decreased after
the shock, which was again due to shifting of the
light source. The earthquake was not record-
ed on the Z-trace,

Fig. 3 (B). Acrival time : 18 Feb. 1955 at 22 48 33
GMT.

Description : The Z-trace was displaced to a
lower value by about 10+. This displacement
resulted in a change of sensilivity, brought
about by a shift in the magnetic system with

Fig. . Some typical H—, D— and Z— traces of magnetographs during an sarthquake at Quetia.



Figs. 3 & 4 Portions of nine magnetograms recorded during a typical earthquake at Quetta.
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Fig.

respect to the auxialary magnet of the Z-
variograph. Thus the instrument became so
insensitive. that it did not record the after-
shocks, which were clearly recorded by the
H-variograph. The recording of D-trace had
stopped, probably due to shifting of the light
Source.

4 (b). Arnval tim? : 6 June 1966 at 07 46 16.2
GMT.

Description : The main shotk was more clzarly
recorded on D- and H- rather than on Z-
trace. The recording on H-trace showed an
amplitude of about 2 mm.

This earthquake was also recorded on a La
Cour magnetograph, having nearly the same
sensitivity as that of the Ruska magnetograph
under study, at Hvderabad (India) Magnetic
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Crbservatory (Srivastava 1967). The arrival time
of this earthquake, at Hyderabad was reported
as 07 49 00 GMT, It was interesting to note,
that at Hyderabad the quality of record of earth-
quake on Z-trace was far better that at Quetta,
although the sensitivities of the Z-variometers
at Quetta and Hyderabad were nearly the
same, i.¢., 3.55/mm and 3.6+ /'mm respectively.
Both the magnetograms recorded at Quetta and
Hyderabuad are reproduced for comparison
in Fig. 5.

Fig. 4 () Arrival time : Aug. 1966 at 21 02 39.6
GMT.

Description ; Before the main shock there were
two clearly recorded fore-shocks, The fore-
shock at 19 10 00 GMT, which was recorded
on D., Z-and H-traces, had shifted the H-trace

Fig 5. Mugnctograms recorded at Quetta and Hyderahad (India),
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towards a lower value. This shifting was
probably reversed on the arrival of the main
shock. The shift in H-trace, which persisted
for about two hours, to a value about 12+
higher than the normal, could be explained on
the basis of some mechanical disturbance.

CONCLUSIONS

Fram the above observations it could be con-
cluded that :

I. The magnetic variometers at the Quetta
observatory generally record a well marked hori-
zontal component of the earthquake wave. Al-
though the suspended magnet system in the case of
D- and H-variougraphs, and the pivoted system of
the Z-variograph, have more or less the same type of
response, the recording on Z-variograph remained
indiscernible in some of the cases.

2. It has not been possible to delineate the
piezomagnetic or the clectrical conductivity com-
ponents with a Ruska type ol instrument, because of
its low sensitivity and its moving magnet systems.

AZIZ-UR-RAHMAN

3. As reported by Eleman (1966), that the
amplitudes of the records of earthquakes are pro-
portional to the value of Z at the observatory, no
verification of this statement could be found by
comparing the magnetograms recorded at Quetta and
at Hyderabad, due to a Hindukush earthquake of
6 June 1966. The difference in the value of Z at
both of these observatories could be judged from the
fact, that their Geomagnetic Latitudes differ by
14°. The absence of this evidence could of course
be attributed to different geological and surficial
conditions at the two observatories,

4. The directional response of the magneto-
graphs has not been found to be systematic. Three
of the earthquakes studied, had the locations of
their epicentres due east of the observatory (Fig.1).
However, the magnetograms showed no difference
in the quality of the records of D-and H-variographs.

5. The earthguake intensity (M.M.S.) at
Quetta seemed to have a marked effect on the res-
ponse of the Z-variograph, particularly when the
intensity was of the order of | (M.M.S.).
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A PORTABLE LONG-PERIOD VERTICAL SEISMOMETER

BY

GULZAR AHMAD*

Dazpartment of Earth Sciences, University of Leeds, U.K.

Abstract : A long period vertical seismograph of Galitzin and LaCoste-Romberg type has been described,
which can be used in the fiald for the recording of surface waves of Rayleigh type, generated in quarry blasis.

INTRODUCTION

In order to record the long-psriod surface
waves of Rayleigh type, gencrated in quarry blasts,
a vertical scismometer is needed, which would
register them with sufficient amplification. Until
recently, seismometers with cigen frequencies in the
range 5-10 c.p.s. have bzen used for this purpase,
since the main interest has been to record the

different high frequency phases only.

The following are the characteristics required
in a seimometar for observing the surface waves :

(1) Tt must be reasonably shockproof during
transportation in the field in automobiles, ete.

{2) It must be light enough for easy handling
in the ficld.

(3) It should possess a flat amplitude charac-
teristic in the period range 0.53-10 seconds.  Also,
the amplification should not be so high that the
microseismics, lving in this range, may cause dis-
tortion of th: records. Although the microseis-
mics is dependent upon the arca under study, how-
ever, their amplitudes are generally of the order of
the order of #.m. (Hardtwig, 1962); therefore the
magnification should not cxceed 10,000

{4) The eigen-period as well as the equilibrium
position should bz more or less constant for at
least 1 to 2 hours, so that these may be adjusted in
this duration. Since this was not as strict a speci-

fication as required for the observatory seismo-
meters, so the simple steel springs might be used to
keep the costs low.

In the Institute of Applied Geophysics of the
Munich University, such a scismometer, which is
describzd below, was constructed.

PRINCIPLE OF THE INSTRUMENT

General : The Electro-dynamic seismographs
consist of three essential parts : seismometer,
galvanometer and the recording apparatus. The
galvanometer was first used by Galitzin for seismic
work and since then the technique has been used
more widely. In all the Galitzin seismographs, a coil
fixed to the seismometer moves in a permanent
magnetic ficld and the current induced thereby
is recorded through the galvanometer.

The astatic system of Galitzin and the La Coste—
Romberg modification

In Figure 1 the important parts of the seis-
mometers are shown schematically, m the mass is
shown as a solid sphere at the end of an arm of
length r. The spring of length 1is fixed to a rigid
support at B and the moveable part of the seismo-
meter at A. The arms d and r are fixed rigidly to
each other and can rotate about a horizontal axis
through O. ¢ makes an angle x with the vertical.
Helbig (1962) has derived the following expres-

*Di. Gulzar Ahn‘lﬁd was student of Geology Department, PuEﬂb University, Lahore, 1958—1960.
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Fig. 1. Schematic diagram of seismometer to show its important parts,

sions for the sensitivity E,defined as the ratio of
the change of angle (d 8) to the change of relative
gravily acceleration (dg/g), the sensitivity e, defined
as the ratio of the linear deflexion of the arm
(p=r #) to the change in absolute gravity accelera-

tion that is dp/dg, eigen frequency w,, torque D as :

D=mgr cos go—kil—1,) ¢ d cos £] (1)

I/E=dg/g.d §=tan e—tang,Lcd Igcos g/l —1.)12
= l+tan2g, , cdcosel, (2)
tan £ I4tan gy tang ™ (1= 1) 12

Since w,2=—— —EJK ==—co0sffe = —g cos g/t.E

_ 2D  (dD). @p__ap. 2D,
therefore ¢ — ae == T 5 e
(K. 0%
K = the moment of inertia about the axis
through O,

lo= the initial length of the spring,
K = the spring constant,
and e=p- s+X=f—¢,

In this seismomcter the so called “sero-
length-spring”, which has been introduced by La
Coste in 1934, was used. Since with such a spring
la=0, the above expressions become -

Pl l-ftan2g, (2a)
g E 14-tan g, tan §
#,2=—g c0s fy (tan e — tan Ba)fr (3a)

The expression (2a) showed how the sensitivity
of the instrument could be increased : the right-
hand-side of this expression must tend to zero.

In order to investigate the influsnce of the
variations in the adjustable part of the system,
ie. ¢, x, and ¢ upon the natural period, ws?
i5 differentiated :

dD

Ke 2="_d.9 ~mgrsing, — kcedsine

—K dog? = — mercosfdodgo+ kedeosede
- kdsine de
and withd ¢ =d 4, - dx,
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we gel further —Kdo,2— mgrcos §godX-+kdsine de
~Kdeg2=—(mgrcosgo—kcdcos €) d for we have further
kcdceose dx4-k o sin & de M
I— —f=2 dT d K—=mr?
kedceos edx+kdsinedc deo grtglf]l= (an it
since Therefore
D=0=mgrcos fy—kcd cose in cquilibrium. 2 T3 cos 6o g T3 cos g
(1,=0 hcre) dT= e T dx-- o e tan € de (4)
s
= 1,5
A
— 1,0
4 0,005 q
0,00 o el 7
PO O \ — 0,5
- 0,005
,C/ \‘\.
o \
— 0,010
0,0
4,0 5,0 5,0 =
T
| i | 1 1 1 | L ] 1 ] 1 ] 1 | B
0,00 0,M 0,02 0,03 0,04 0,05 0,06 0,07

AL

Fig. 2. Curves showing relationship between &7 and A x.

w A AT and AX,
w B T and AT,
to C AT and Ag,.

(for explanation see text)

The coordinate axes belons to the curves alter following:—
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Eq. (4) shows the influence of x and ¢ on the
change in T. Both of the coeflicient depend upon
the third power of T. It can ba shown that AT
=—0.686 § For AXx = 001 with the constants
of our seismometer, i.e. r—22.5 cm, T=5, so0
fla=34%. Fig. 2 shows the relation between
A faand Ax.  Ax was changed in steps of 0.01.

Owing to the change inAx, ¢ would also changs,
but this influence was negligible as compared to
that of Ax. eg AT=0039Ac with the above
constants and €= 5% for Ax=0.01, Ac =0.001
cm, AT was of the order of 1075 sec. Note
that Eq. 4 contains no term in d §, which showad
that a small change in g, (equilibrium position} has
no effect on the peried.

It was desirable to know the variation of the
equilibrium position with A x (and therefore AT),
so that the possible range of the eigen period varia-
tion could be determined. Since the equilibrium
position oceurs in (4) above, connecting A x and
AT,

we have
___L;_?_ —mi! el=m grsin g,—kdcsne
(see above) (5)
Further
gD . e
D=._ L
d tlo S d€ e

=—mgrsinf,d g, +kdesine de=0
=(-mgrsingpotkdcsine)dg,+kc
d sin ¢ dx=0
or , using (3)

m g rsin fg—m rle®

dpp=tc——m g ——)
= (—1+gsing./r.us?) dx
= (=1+T2gsingo/4 =* r) dx (6)

and the constants piven above, we have :

d g, ==0.64 dx, for varations in #, of the
order of 3°4. Eq. (6) was also given by
Archangelski (1960). He derived (4) also with
de=0.

GULZAR ON

From (4) and (6) it is obvious that the eigen
period could be controlied through x alone. For
the calculations of T— AT curve in Fig. 2 (as
for T— Adg) both of the formulae have been taken
into account, since they are coupled with each
other. InT-AT, AT is the change in T, when
Ax was varied by 0,01 for a given T,

The period could be extended to about 12
seconds by reducing x. It has the advantage that
in quarry blasts different long period waves could
be recorded (period depending upon the charge
strength) by changing the period of the scismometer
in the field, so that the distortion due to the mic-
roseismics could be minimised.

The galvanometer used was the EG-6 of the
Ruhstrat Firm, with the following constants :

Period=1.5 sec. Inner resistance=60 Ohm,
Quter critical resistance = 330 Ohm, and the current
sepsitivity = 1. 4% 1078 Amp/mm/m.

The seismograph has four coils of equal elect-
rical resistance. They were used for the eleciro-
dynamic damping of the seismometer, which was
measured as described by Savarenski and Eirnos
(1958). The air damping of the galvanometer was
negligible. Each of the coils used for the damping
gave a degree of damping of about 2.6, The
outer critical resistance of each coil was 320 Ohm
and the inner 200 Ohm.

CALIBRATION

In order to compare the amplitude and phase
characteristics calculated from the experimentally
oblained constants of the galvanometer-seismome-
ter with the actual characteristics, the system was
calibrated with the vertical shaking table. The
shaking table was set inte oscillations with a low
frequency generator with the scismometer placed
upon it, and the response of the system was recorded
along with the oscillations of the table on the
same film. The results are shown in Fig 3. The
solid line is the one calculated for the con-
stants shown in the figure (experimental values)
and circles are from the shaking table calibration.
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The magnification refers to 2.37 m “light distance”
instead of the standard 1 m. The very good agree-
ment between the calculated and the calibrated
values has led to the task of calculating the am-
plitude and phase characteristics for the different
constants realisable with the scismometer-galvano-
meter system.  Some of them are shown in Fig 4-8.
The constants are also shown in the figures.

The characternistics have been calculated from

(See Savarenski ct al. 1958):
V=1f{ey (1=k2) (1-k2) —4da,a Kk K (1 —a2) )2
+4a k1 -k rak,(1-k2))?
tanP = — (1 —k%) (1 ~ k2;)—duts ag ko kg (1-02)
2agk, (1-K20)+ 2apko (1-K%;)
with a., ¢,=th degree of dampine of the seismo-
meter, galvanometer
k5='I'.-"l'$- and ka =T.."l'h,,
a=the couphing factor
P =the phase difference
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MINERALOGY OF SERPENTINITE FROM TLERI MULIAMMAD JAN AREA, NORTH OF
HINDUBAGIH, ZITOB DISTRICT, BALUCHISTAN, PAKISTAN

MUHAMMAD ASHRAF, M. WAHEED QURESHI and F.A. FARUQI

Glass & Ceramics Division, P.C.S.LR. Laboratories, Lahore

Abstract :  Serpentine samples were collected from serpentinite of Tleri Muhammad Jan Area.  The serpentine
mincralogy was studied by chemical, optical, static dehydrarion, differential thermal (D.T.A.) and X-ray

diffraction analyses.

The data obtained are discussed and the mineralogy of the serpentine group explained.

The serpentinite has been found to consist of chrysotile, antigorite, lizardite agnd accessories as chramite,

carbonates, tale and magnetite.

INTRODUCTION

The purpose of this investigation was to
determine the mineralopy of serpentine minerals
occuring in the host rocks. The samples are so
fine-grained that it is practically impossible to
separate fibres of chrvsotile from an antigorite
matrix. The rocks are however massive, brittle or
sheared. Chemical analysis, D.A.T. X-ray diffrac-
tion and stalic dehydration methods are applied to
three representative samples of the above in order
to compare and correlate the minerals of the
serpentine group present in diffcrent samples of
Tleri Muhammad Jan serpentinitcs {Ashraf, 1966),

OCCURRENCE

The samples are taken from a long and narrow
ultrabasic body whose outcrops strike in an cast
west direction, along the northern flank of the
Zhob valley. The serpentinized body is traversad

by three streams namely the Malguzar, the Shakh
and the Ragha in the vicinity of Tleri Muhammad
Jan wvillage, The ultrabasic rocksi.c., dunite, harz-
burgite and peridotite are thoroughly serpentiniz-
cd. The contact of ultrabasic body with country
rocks is guite sharp. There is no metamorphism
of great significance except shearing and granula-
tion along the fault planes where breccia of siderite-
talc-serpenting composition and granulation on tale
are observed. The chromite occurs as dense black
lenzes of sachhoroidal grains. Harzburgite and
pyroxenite oceur as dykes with chilled margins in
both the cases.
tine was observed in harzburgite serpentine in the
Shakh stream. The dykes of harzburgite are not
wider than filty feet and are enough in length to
cover all the three streams accross. Pyroxenite
dyke is only exposed in the Malguzar stream where
it shows very coarse grains of pyroxenc. The
width of the serpentinite outcrop in this area ranges

Even xenolith of dunite-serpen-
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from 400 to 850 yards. Although the rocks are
mainly composed of serpentine minerals, the pres-
ence of relict grains of pyroxene and olivine gives
some clue to the identity of the original ultrabasic
rocks. These indicate that dunite, harzburgite and
peridotite were the original rock types. These are
intruded by dolerite dykes. Serpentine derived
from dunite can be easily recognized in the field by
the absence of bronze colour orthopyroxene cry-
stals in it.

The present study has been carried out only on
samples of serpentine derived from dunite.

PETROGRAPHY

In hand-specimens the rock is generally light
to dark green in colour with a fine-grained texture.
The rock is ecither very sheared or massive. The
sheared material (S-1)* is sometimes powdery and
containg minor amounts of dolomite, magnesite,
talc and chromite. The non-sheared (5-2, §-3)*
serpentinite also has traces of magnesite, dolo-
mite and falc. The mineralogy of the rock is
difficult to ascertain in hand specimens as anti-
oorite and chryvsotile are not easily distinguishable.
In some cases chrysotile can be detected when it
occurs in coarse veinlets.

Under the microscope the rock consists of al-
most colourless. bluish-grev, pale-green to greenish
serpentine minerals with minor amount of
accessories.

Chrysotile

Fibrous chrysotile occurs in veinlets as cross-
fibres. Chrysotile in most cases is colourless : it
sometimes shows anomalous bluish interference
colours, which may be due to increase of ircn in the
structure. Moreover the arrangement of chrysotile
veinlets in most rocks is more or less of a mesh
structurc forming parallelograms and rectangles.
In this type of mesh structure a network of longi-
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tudinally divided corss-fibre veins enclose an area
of isotropic or nearly isotropic materials. The
corss-fibre  chrysotile grows in typical sinuwous
cross-cutting veinlets. Under high magnification
the meshes are composed of bipartite rims or collars
of cross-fibre alpha serpentine and isotropic cores of
gamma serpentine.  The gamma serpentine is often
in matted growth leading to isotropism of the
agpregates. In the sheared samples like S-1, a
distinctly new foliation is observed, where domi-
nant collars cut across the subordinate and the
gamma serpentine fibres of the core are arranged
normal to the shearing. This sort f shearing has
made a part of the serpentine body as scrpentine
schist. Moreover 5-1 is evidently almost notihng
but chrysotile serpentine, as shown by other experi-
mental procedures, because strong shearing does not
favour the formation of antigorite.

Antigorite

Antigorite is colourless to pale green in thin
sections, It occurs as very fine-grained plates
which arc mostly anhederal in form, It shows a
ramifying sort of network arrangement with other
In some thin sections how-
serpentine has been
observed on occasion while in others it is obzerved
that with the mesh structure some coareser grains
have also developed.  According to Francis (1956)
antigorite has replaced mesh scrpentine at Glen
Urquhart (Scotland), where shearaing stress generally
accompanicd antigorite formation. This does not
apply in the case of highly sheared sample §-1, as
has been confirmed by other tests ; this sample is
much richer in chrysotilz and has only subordinate

antigorite as compared to 8-2 and 5-3. The latter
are brittle and massive samples, and show some-

serpentine minerals.
ever, transition from mesh

what higher antigorite contents. The role of che-
mical environments as suggested by Hess ef al
(1952) appears very likely : that olivine yields chry-
sotile, and enstatile vields antigonite.

*(S-1), (5-2) and (8-3) are field numbers of specimens.
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Serpophite

It gocurs in some sections as isotropic or nearly
isotropiz material formed in the core of chrysotile
veinlet mesh. It is colourless  and
shows very weak interference colours. This could

usually

be an amorphous mineraloid of serpentine, olivine
or enstatite (Deer of al. 1962). It is also observed
that sometimes the core of a mesh structure is full
of ore dust : probably chromiferous (Francis 1956).

Bastite

It occurs as medium to coarse grained with
subhedral and euhedral forms. Due to the preser-
vation of original cleavages, straight extinction is
clearly shown by the pseudomorphs, It exhibits
grey interference colours of the first
Multiple twinning is very common in most pseudo-
morphs. According to Francis (1962) Pseudo-
morphism is along (010) parting of the orthopy-
roxene which according to Winchell (1951) is now
{001} cleavage of bastite. which is clearly evident
due to the very low interference colours of bastite.

order.

Accessories

Minor amounts of the other recognizable mine-
rals are - chromite, dolomite, magnetite and traces
of magnesite, and tale. Chromite usually oscurs
as reddish brown, fine to mzdium grained anhederal
crystals, which sometimes show rings of magnetite
around a few giains. Some grains of chromite
show nodules of serpentine in them. Magnetite
occurs either as individual grains or as dust.
Dolomite wsually occurs in very fine to medium
veinlets and also as scattered geains,

CHEMICAL COMPOSITION

The chemical analysis was made on the three
typesof samples. 8102 and ALO; were determined
in accordance with standard silicate analysis
method. CaO and MgO were determined by
E.D.T.A.  methed. Fe.O; was determined
colorimetrically using EEL colorimeter by
ammonical thioglycollic acid method. FeQ, MnO

k|

and Cr20, were determined by Siel's, sodium
bismuthate and sodium peroxide methods respecti-
vely, COz was determined with the help of calci-
meter. H,0 was found out after substracting the
amount of -H,0 at 110°C and CO; from loss on
ignition.

The percentage chemical composition of the
different samples is listed in Table 1. Microscopic
identification revealed that the three samples are
natural mixtures of chrysotile, antigorite, chromite,
dolomite, magaetite etc.  Where mostly magnetite
and chromite are present in extremely fine grained
as well as dusty cloud and are hardly separable.
The coarser greins of magnetite, chromite and dolo-
mite were separated anyhow by manual method,
under the microscope. Consequently the res-
pective samples could not be thoroughly purified.
Anyhow a purity of about 995/ was achieved.

Due 1o the identical chemical composition of
serpentines, it s understood that all serpentine
group minerals are of polymorphic forms, though
some sm 1l chemical differences are associated with
each varicty. On the basis of this difference all the
polymorphs can be differentiated. It has been sug-
gested by Dzer er. al. (1962) that antigorile contains
higher trivalent (Al) ion content than chryso-
tilz but not always. Lizardite is also expected to
have high Al content. Thercfore, from the
analyses it could be judged that 8-3, 8-2 and S-1
have some amount of Al in decreasing order and
therefore, contain some antigorite and possible
lizardite as well.

DIFFERENTIAL THERMAL ANALYSIS

For the determination of diffzrential thermal
propertics samples were heated from room tempera-
ture to 1000°C at a rate of 200°C per hour.

The D.T.A. curves are plotied in Figs. 1,2 &
3. In Fig. 1 and 3 the small exothermic and endo-
thermic peaks in the curves upto 600°C are due to
the minor accessorics present in the raw samples. .
After about 600°C the peaks are very prominent.
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TABLE—I
Chemical Analyses
No. 5-1 5-2 5-3 Serpentine Chrysatile Antigorite
Glen Urguhart Quebac Mew Fealand

5103 35.20 38.81 37.13 37:53 41.97 43.45
Al; Oy 1.04 1.90 3.25 0.72 0.10 0.581
Ti0, n.d n.d n.d 0.09 — 0.02
Fez Oy 2,93 213 1.78 3.12 0,18 0.88
Fely .88 0.33 0.54 1.78 1.57 0.69
Cra0y 0.83 0.20 0.59 0.33 n.d
CaD 0.21 013 0.19 .32 0.04
MgO 39.57 40 .39 41.18 37.99 42.50 41.90
MnO 0.04 0.03 trecs 0.17 -
H:O 16,87 14.80 14,31 1175 13.56 12.29
H 0 0.51 0.11 0.44 0.6% 0.00
COz 0.03 0.02 0.03 2.04 1=

99.13 99 03 99 49 o9.52 100,08 100,12

Number of jons on the basis of 15 (O, OH)

Si 3.578) = 350 )= 3580 B —- 3.886 ) = 40441 2
Al 0.140 +3  0.216 -®  0.368 & 0001 | 3 L
Fe#3 0.230 )« 0.152) < o0.127] % 0.014 | = B ™
Mg 5.9767 5.8747 5.957Y - 5.864 5.8107
Fot2 0.017 | 0.026 | 0.043 = 0.122 | 0.054 |
Mn 0.002 | 0.002 | e == | =
C10 0.026 F2 001415 0.107 2 — .2 0.004 b2
Al —| = — | X S Js — -] = 0,088 | =
Fe+? — | — | = — e 0.060 | ©
Cr 0.015] 0.015 ] 0.046 ~ — ] — ]
({OH) 8.000 8.000 5.000 - &.188 7.628

The mineral analysis has been recalculated following Faust's method (1956).
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Figs. 1,2,3. Differential thermal anpalysis curves of

Serpentine 5-1, 5-2 & 5-3.

The curves begin their descent with minimum at
670°, 680°, and 705°C respectively. These ende-
thermic peaks are produced on the expulsion of
chemically bonded water in serpentine. These
peaks are narrower and deeper in samplas 5-1 and
S.3 than S-2. At the end of endothermic reaction
the curves return to the baseline at about 6807,
720° and 725°C respectively, and continue along
until 770%, 780° and 815°C respectively where an
exothermic reaction begins and reaches a maximum
at temperatures 786°, 8127 and 815°C respectively.
Subsequently the curves first drop sieeply and then
remain above the baseline upto 1000°C.
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A detailed analysis of the three curves has been
carried out according to the procedure followed by
Faust et al. (1962). In the temperature range 859,
to 200°C Figs. 1 and 3 show shallow troughs
at about 126° and 150°C which indicates a loss of
uncombined water (H,0). According to Gheith
(1952) the endotherms between 200°-600°C  are
mostly due to the presence of chromite and the
exotherms are due to  oxidation of magnetite to
maghemite, while Pabst (1952) and others called
it incandescence in serpentine at this temperature.
Caillere (1934) helieves that this phenomenon 15 re-
lated to the major exothermic peak.

The major endothermic curves in the tempera-
ture range 6007 to 750°C., are related 1o the decom-
position and loss of water from the serpentine
structure, culminating with the destruction of the
crystal structures at 6857, TF25°C.

The particle size may be responsible for the
size and temperature of the psak. The cffect of
the particle sizz on the D.T.A. of chrysotile and
antigorite was determined by Martinez (1961) who
states that with the decrease in the particle size peak
temperature for the endotherm decreases from
710° in coarse fibres to 670°C in fine chrysotile. The
particls size does not affect appreciably the exother-
mic peak temperaturc but the sharpness and the
height increases with the grinding time. Platy
mineral (antigorite) also behaves in a very similar
manner to chrysotile.

Faust et al. (1962) has classified serpentine
minerals into groups of clinochrysotile(A), clinochry-
sotile globztype (B), clinochrysotile plus orthochry-
sotilz (C), chrysatile plus lizardite (D), lizardite plus
clinochrysotile (E), and antigorite. Comparing with
their groups serpentine 5-1 comes within their A, or
(D) groups. Sample S-2 could be out of any
A.B,C, or D group. Sample, 5-3 has minerals
of A, B, and C group. Morecover, from the pure
antigorite curves it is observed that the endothermic
trough has temperature between 790° 1o 802%C.
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Samples 5-2 and 5-3 have higher temperature of
endotherms than 5-1, They, therefore, contain more
of chrysotile and lizardite than antigorite mineral.
Comparing S-1 with F-15 of group D in Table-13,
it is found that both the samples have mincralogy
very close 1o each other; for example, 8-1 has
endotherm at 670°C, while F-51 at 671°C and
exotherm 786°Cvice 784°C which indicates chrysotile
plus lizardite (C>1.). S-2 as compared to I-164,
endotherm for 8-2, 690° and for F-164, 637°C,
exotherms for 3-2, 812°C and for F-164. 816°C.
ThusS-2is clinochrysotile plus some orthochrysotile.
8-3 with reference to F-61 has endotherm at 705°C,
exotherms at 815° and at 814°C respectively.

STATIC DEHYDRATION METHOD

For the static dehydration analyses a heating of

ASHRAF et al.

samples to attain equilibrium at each temperature.
Some small deviations from equilibrium may have
occurred between temperatures of about 500-600°C,
but because the samples were heated together, the
data arc comparable.

TGA curves are shown in Fig. 4. The curves of the
samples 8-1, 8-2 and S-3 show one prominent
shoulder in the temperature range 580 to 630°C,
390° to 640°C and 600°C to 630°C respectively.
In addition all the specimens shows a shoulder, cor-
responding to low temperature-water, which is
very well defined in the case of 5-1 but less pro-
minent in the curves for 5-2 and S-3.  This correla-
tion when compared with the work of Faust er al.
{1962) shows that 8-1 could be rock consisting
entirely of dewevlite mineral : a variety of chryso-

10 hours at each temperature was used to permit tile. In 52 and 53 the high-temperature
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Fig. 4. Static dehydration curves.

shoulder occurs at a higher temperature than in
8-1, which according to Faust should contain a
little higher content of antigorite than §-1, Com-
paratively S-2 has more antigoritc and 5-3 has
still more. This is also in agreement with DUT.A.

CUrves,

X-RAY STUDIES

Powder photographs of serpentine were made
on a 19 cm. camera using Ni filtered Cu-K o« radia-
tion. The measurement of the spacings arc given
in Table - T1.
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TABLE—II
X-ray Diffraction Data for Serpentine Minerals
5—1 5—2 5—3 ASTM ASTM ASTM ASTM
‘dA’ mixture  “dA’ mixture  “dA’ mixture  Chno-chrysotile Ortho-chrysotile  Lizardite Antigorite
7.36/VS 7.36/VS 7.36/VS 7. 36/ 7.36/VS 7.36/V8 -
4.58'M 4.38/M 4.5TM 4.58/ — — —
4.25/M - — — - — 4.26/MW
3.66/M 31.66/MS 3.66/MS 3.66/VS 3.66/8 — —
2.65/W — —_ — — 2.65/M8 —-
2.50/wW 2.50/MB 2.50/M - 2.495/8
2. 45/ MW = 2_46/W — — —_ 2.46/MW
1.535'M 1.535/M 1.535/M — — — 1.535/MW
== — 1.750/F — 1.735/M
- 1.28/F 1.279/ MW —
= 1.31/M — 1.31/M - —_
— —_ 0.943/F — —_ 0.944/W —_
The *‘d' values obtained for all the three Other “d" values are for lizardite and antigorite.

samples are listed in Table 11 for the differentia-
tion of mincrals present in the serpentinite rocks.
The X-ray patterns shows that the rocks are compos-
ed of orthochrysotile, clinochrystile, lizardite, anti-
gorite and the accessories, chromite, tale, magnetite,
dolomite and magnesite. The relevent ‘d’ values
were compared with ASTM powder diffraction file
{(1963) for their indentification.

From the X-ray studies of three tvpes of serpen-
tine it is evident that both types of chrysotile,
ortho and clinochrysotile are present in  the
admixture and the strongest of lines are those for
clinochrysotile.

Antigorite has very prominent medium intensity
values (Table-11).

CONCLUSIOXN

I. Under the three different
physical forms of serpentine samples appeared to be

microscope,

consisting of chrysotile, antigorite, scrpophite
and bastite, with accessories of chromite, magne-

tite, dolomite, talc and magnesite,

2. Chemical compositions of the three types
of samples confirm high amount of chrysotile.

3. DT.A & T.G.A. studies show that it is
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possible to  distinguish polymorphic forms of following minerals in the order cited. Clino-

serpentine. chrysotile with orthochrysotile, antigorite, lizar-
dite, and accessorics such as chromite, dolomite,
4. X-ray studics confirm the presence of the magnetite, talc and magnesite,
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THE DETERMINATION OF GOLD BY RADIOCHEMICAL AND NON-DESTRUCTIVE NEUTRON
ACTIVATION ANALYSES IN SOME SULPLIDE ORE SAMPLES FROM PAKISTAN

BY

FAZAL-UR-REHMAN®*

Geologisk Mineralogisk Muszam, University of Oslo, Sars Gate-1, Oslo-5, Morway.

Abstract :  Four sulphids ore samples were selected from different localities in Pakistan, and were analysed
by both radiochemical as well as by non-destructive neutron aetivation technigues. Only the results on gold are
being presented in this paper. The nuclear reactor JEEP-11 located at Kjeller (Norway), has been used as a
source of neutrons.  The samples were irradiated at a flux 1.5 1013 nfe m/sec for one hour in case of radio-
chemical newiron activation experiment, and for half an hour in case of non-destructive neutron  activation
experiment. Following irradiation and **cooling™ for two days, the respective samples were used directly for
non-destructive analysis, whereas others were put o gold radiochemisiry. 19%Au, half life 2697 days, has been
assayed in both the experiments. A lithium-drifted germanium detector, Ge (Li), has been used, along with

a 16 bit computer (NORD-1) with 4K memary, to measure the gaold activity.

INTRODUCTION

Neuviron activalion analysis (NAA) has been
used in the determination of gold in rocks, ores and
other geological material for the last many years.
The application of Nal(T1) detectors in neutron
activation analysis for the determination ol gold in
ore samples, at submicrogram level, has been report-
ed by Chow and Beamish (1967) and Crocket er al.
(1968). Lithium-drified germanium  deteciors,
Gic (Li), have been used by Lamb ef al. (1966) and de
Lange et al. (1968, 1969) for nondestructive estima-
tion of gold in ores, and by Rehman ar al. (1972)
for radiochemical estimation of gold in ores, metal-
lic concentrates and their associated tailings with
submicrogram quantities of this element.

EXPERIMENTAL
Ge{Li) detector and electronics

The co-axial germanium detector used in this
study was a product of ORTEC Inc. (Model
No. 8001-20P). [Its size is 32.6x 34.4mm dia X mm
length, the drift depth is 10.6 mm, the diffusion
depth is 0.7 mm, and the total active volume is
23.6 ¢cm® The detector is operated in vacuum
at a crvogenic temperature of 77°K with a bias
voltage of 1900 volts, The output signals from
the detector arc fed into a preamplifier (ORTEC
118A), a selectable active filter amplifier (ORTEC
440A) and a baseline restorer (ORTEC 438).
The resultant pulses are analvzed by an analog-
to-digital converter (HEWLETT PACKARD-

*Permanent address

Geology Department, Punjab University, Lahore, Pakistan.
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5416A) interfaced to 2 NORD-1. 16 hil computer
with 4K memory (supplied by A/S NORSK
DATAELLEKTRONIKK). Pulser timing with a
research pulser (ORTEC 448) was uscd to correct
the dead time for the total system (Anders, 1969).
The resolution for 1332 KeV gamma ray peak
of o was 3.5 KeV (FWHM).

Irradiation and radiochemical treatment

Nearly 100-200 mg of thoroughly homogenis-
ed samples were accurately weighed, wrapped in
gluminium foil and irradiated in the JEEP-1T re-
actor located at Kjeller (Norway) for one  hour at
a fMux of 1.5210!% nfcm?fsec, along with three
gold monitors in duplicate (prepared by pipstiing
100n] of cach standard solution, having gold
content of 3.06 pg/ml, 15.30 ug/ml and 30.60 ug/
ml, respectively, on one inch square aluminium foil,
cvaporating 1o dryness and finally wrapping like
the samples). The samples were then coolzd for
two days and then subjscted to a radiochemical
t -eatment (Brown and Goldberg, 1949).
mainly three steps ;

It involved

1. Decomposition of the sample.

3. Extraction of gold to avoid bulk activity of
the sample,

3. Precipitation of gold.

The wholz radiochemical procedure (Rehman
et al,, 1972) is represented in Fig. 1.

For the non-destructive purposes, 30-100 mg
of the samplss were weighed, sealed in small poly-
ethylzne envelopes and irradisted for 30 minutes
rl-ng with the gold monitoss (prepared as above,
using polyethylene sheet instead of aluminium
foil and finally sealing them in small polyethylene
envelopes like the samples).

Couating procedure and yield determination

After finishing with the radicchemistry, the
gold metal. thus obtained from each case, was
subjected to radioactivity measurement. For the
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purpose of non-destructive analysis, the samples
were counted directly, after “ceoling™ for two days,
The radioactivity measurements were based on
411.8 KeV camma ray of 1%8Au, hall life 2.697 days
(de Silva Filhe et. al. 1963).
were between 20 min. to 120 min. depending on the

The counting times

gold content of the samples. The gold peaks were
measured by computing total absorption peak
areas (Sterlinski, 1970).

In caze of radiochemical results the chemical
vield was found between 70-90 %,

RESULTS AND DISCUSSION

The experimental results obtained by radio-
chemiczl neutron activation analysis have been
presented in Table 1, whereas those obtained by
non-destructive neutron activation analysis  are
shown in Table 2. In some casss the deviation
from the mean value has
higher than that what could be expected from the
analytical error but it can be certainly explained
pa the basis of inhomogeneity of gold distribution
in these samples. To check the accuracy, a Nordic
reference sample. namely ASK-sulphide ore, was
also analysed during this work and the results

been found much

obtained were found in good consistency with the
gold value already established, 60 ppb, (Johansen
& Steinnes,  1970).
was checked by making a separate run of twelve
replicates of one ore sample from Killingdal mine

Furthermore the precision

{Norway), which was included in these experiments
as a “House Standard”, and gave a mean value of
213 ppb with a standard deviation of 2.2 as shown
by the results given below, 210.8, 212.2, 215.4, 216.9,
214.4. 215.2, 210.8, 212.2, 213.7, 210.6, 210.7, 214.8.

X = 2131

52 = 48

5 = 220
C = 0.64%

X, 52, 5, and C represent the normal standard values
{Shaw, 1969).
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Fig. 1. Schematic representation of radiochemical determination of gold.
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The results, obtained by both the techniques,
arc in good agreement with cach other. The gold
concentrations determined in the samples PS-1,
P5-2, and PS-3 are extremely low whereas that de-
termined in the sample P'S-4 is fairly high and it
stands far above the gencrally accepted economic
limit for gold, i.e.3-5 ppm or 3-5 g/ten {Dorokhin,
et al., 1969).

Dzpending upon the gold content and their
economic importance, the sulphide ores PS-1, PS-2

REHMAN

and PS-3 were run in duplicate but PS-4 was assayed
in a larger number of replicates.

In order to undersiand the economic naturc
of PS-4 ore still better, the writer, for further
rescarch, has recommended the analysis of a large
number of specimens representing the area
uniformly. Moreover the determination of gold
distribution in  different mineral constituents
(boulangerite, pyrite etc.) cf this sulphide ore
will be an important information.

TABLE I

Gold estimation by Radiochemical Neutron Activation Analysis.

No. Material Locality Values Mean Value
designation L -
P5—1 Galena Ushu 80.3 pph
(Swat) 838 .. 82.1 ppb
P5S—2 Sphalerite Ushu 62.1 5
(Swat) 8.1, 601 ,,
P53 Pyrite Reshian 1.9 .,
{Azad Kashmir)
13.0 .. 12.5 .,
PE -4 Boulangerite Chitral 30,46 ppm
30.51 ..
29.15 ..
30.50 ., 3015 ppm
ASK— Nordic Bleikvassli 62.5 ppb
Kismalm Standard {Norway) 58.6 ppb 60.6 ppb
MNorden Reference
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TABLE 2

Gold estimation by Non-destructive Neutron Activation Analysis.

No. Material Locality Values Mean value Other
designation information
P5—1 Galena Ushu 99.9 ppb
(Swat) 06.3 ,, 97.1 ppb
pP5—2 Sphalerite Ushu i e
(Sawat) 60.7 . G603 |,
p5—3 Pyrite Reshian 16.5 ..
{Azad Kashmir)
135, 14.0 ,,
PS—4 Boulangerite Chitral 32.59 ppm
30.95 .,
39.10
3495 ,,
30.26 ,,
38.36 ,,
34.86 ,,
29.45% ,,
33.30 .,
28.82 ,,
33.20 .. 33.26 ppm s2—11.43
5—3.38
c—1.02
(Shaw, 1969)
ASKE— MNordic Bleikvassli 60.8 ppb
Kismalm Standard (Norway) 58.9 ,, 59.9 pph
MNorden Reference
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PRELIMINARY STUDIES ON THE ECONOMIC GEOLOGY OF BAUXITELATERITE DEPOSITS,
KATTHA AREA, SALT RANGE, PUNJAB, PAKISTAN

MUHAMMAD ASHRAF, M. WAHID QURESHI and F. A. FARUQI

Glass & Ceramics Division, P.C.S.L.R. Laboratories, Lahore

Abstract : A new bauxire/larerite zane was discovered which crops our inrermittently over a distance of more

than ten miles in the Salt Range, north aof Kartha.

The zone ranges from less than a foor 1o over 23 feer in

thickness.  Samples analvsed average 50°% AlL,O5 and the grea is belfeved to hold promise for comtaining
impaortant amount of bauxite suitable as an ore for the mandacture of aluminium, chemicals and refractories.

The bauxite is thought 1o have formed by deep weathering on an old crosion surface over the Permian rocks,
now averfain unconformably by rocks of the Paleocene uge.

INTRODUCTION

Bauxite and laterite rocks crop out in an irre-
gular east-west trending zone a few miles north of
Kattha Masral which is sixteen miles north of
Khushab, Sargodha District Index map Fig. 1.
In general the bauxite beds dip northwards between
15° to 20° and crop out at an altitude of aboul
2,000 fect to 2,500 feet above sea level. The ore zone
can be approached by unmetalled motorable roads
from Kattha Masral and Chamil as well as from
Sultan Mehdi Ziarat.

The arca under discussion is about 90 square
miles in size. In the past, some work wasdoneon
the regional geology of the Salt Range, including the
project area, by Wynne (1878), Fox {1924) and Gee
(1944). The area, composed of aluminous rocks,
has been mapped for the first time by Ashraf during
1968-69, using enlargements (1.5 times) of topo-
graphic sheets Nos. 43 Di6 & D/10 of the Survey
of Pakistan. The main object of the present investi-
gation has been to study and evaluate the econo-
mic polential of the area,

Geomorpholopically the terrain represents a
dissected cuesta. The relief is moderate. The
altitude varies from about 740 feet in south-west
to 3,388 feet in the north-west. The scarp slope
is quite steep while the dip slope is gentle and
merges into the Potwar Plateau to the north.
Vegetation is present at higher elevations where
trees and shrubs are abundant. Climate is semi-
arid to arnd.

GEOLOGY

{i} General : The sequence of sedimentary rock in
the Kattha area ranges from Cambrian to Eocene
in age. The rocks of Permocarboniferous age are
bordered by two major unconformities above and
below it ; the higher unconformity is marked by
bauxite and laterite.

The best exposures of different rock units are
seen on both sides of Patiala Wahan (stream) where
Cambrian formations consist of bright red marl
and rock salt, dull red to purple sandstone and dark
grey micaceous shales. The Carboniferous rocks
are composed of an unsorted boulder bed, olive
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green sandstones and shales, dark red purple
sandstone, light coloured sandstone and grit, and
dark purple and lavender coloured clay. The rocks
of Permain age conformably overly the Carboni-
ferous strata. Lithologically Permian rocks are
sandy to pure crystalline limestone with abundant
brachiopods.  The  laterite/bauxite
occurs irregularly above the uneven and
unconformable plane of the Permian rocks with
variations in the grade of ore in the vertical suc-
cession as well as from one locality to another,
The rocks of the Paleocene age, represented by
calcareous sandstone, conformably overly the
bauxite/laterite  horizon, which is sometimes
glauconitic. Further  upwards, this sandstone
passes into a yellow-brownish foramniferal lime-
stone, olive shales and friable white sandstone with
hardly a few ferromagnesian minerals, The
overlying nummulitic limestone portion of Eocene
age is one of the most developed horizon. The
limestone is nodular in character which spreads
for a considerable distance and conceals the bauxite/

material

laterite outcrops at many places.

STRATIGRAPHIC COLUMN
Eocene-Paleocene

Patala Formation

Light  grey foramniferal
(Patala Shales)

shales with coal seams at
places and sandstone

Lockhart Limestone Yellow brown seminodular
{Khairabad foramniferal limestone
Limestone)

Hangu Formaticn
{Dhak Pass beds)

Impure limestone and shales

....Unconformity marked by laterite/bauxite. . ..
Permian

Chidru Formation
(U. Productus)

Yellow gey limestones and
calcarcous sandstones  with
basal dull green shales,
Presence of brachiopods.

Thickly bedded, grey lime-

Wargal Formation i 1
stone with brachiopods.

(M. Productus)

Amb Formation

Brown and gery calcareous
(L. Productus)

sandstones and impure lime-
stones with brachiopods.

ASHRAF et al.

Carboniferous
................ Unconformity: ool ooiie
Cambrian

(i) Laterite The laterite of the Kartha area
oceurs irregularly above the uneven plane of Per-
mian with some variation in the intensity of
lateritization. The characteristic featurcs of the
laterite therefore are variable with degree of lateri-
tization. The lower most portion is frequently
brecciated Fig. 2 a, ¢ but gradually converpes to
pisolitic and somewhat massive habit, and finally
becomes perfectly pisolitic and sometimes contain-
ing oolites as well. The basal brecciated portion
consists of lateritic material and unweathered
rock fragments of argillaceaus sandstone, limestone,
and shales. The laterite throughout the area varies
in colour from cherry red to red. pinkish red, brow-
nish green to brownish red. The thickness of the
outcrops is variable from some inches to over
23 feet, but 10 feet to 15 feet thick outcrops are

common west of Kattha-Pail road, and east of
Marianwala. The laterite is altogather absent in
the north-eastern escarpment of Kalra Wahan
and instead a dark brownish-red ferruginous sand-
stone is present.

{iii) Bauxite It is present mostly above the
laterite matepal, The overall length of the out-
crop is about ten miles while the thickness is vari-
able from a few feet to over 23 feet (thickness from
place to places is shown in Fig. 1 and in Table 1.)
The characteristic features of the bauxite are much
more variable than laterite. It occurs as a loose
rock which on hammering becomes somewhat
powderv. [Its colour is not constant and varies
from white to cream and buff coloured and is
sometime mottled. At places bauxite is white but
joints are incrusted with red iron compounds,
probably gocthite and hematite. The top 1-2 feet
of bauxite at many places is white in colour and well
leached making the rock lighter in density and
poorer in alumina than bulk of the rock ; the
latter being generally buff to cream coloured and
high in alumina (chemical analyses, Table 1).
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Following this criteria the potential bauxite rich
lozalitics are lound lo occur west of Kaltha-Pail
road and spacifically on both sides of the Patiala
Wahan. The more important locations are exposed
in. the Marnanwala area, Kala Wahan, below
Chamilwala Mohar along Katha-Pail road, East
and West of Chamilwala nala, and south of Sultan
Mehdi, north-west of Kattha Masral and west and
south-west of Dilliwali. The bauxite horizon,
including laterite, occurs on an uneven plane of
middle or upper Permian limestone or arenaceous
limestone. The overlyving calcareous sandstone of
yellowish brown to brownish-green colour forms the
marker horizon as it is distinctly present every-
where over the bauxite. The bauxite occurs as dis-
continuous zones in the localities describad above.
In the intervening areas the bauxite was cither not
formed or had been covered under the talus of the
nodular limestone.  Mostly the outcrops are fecbly
disturbed with gentle synclinal folding and normal
faulting. Only the area between Sultan Mehdi
and Marzing Pohar is highly disturbed where the

outcrops gencrally dip at higher angles.

Various leatures of bauxite are describzd bzlow

on the basis of four type localitics Fig, 2 of the
area :—
() Narianwala Section: The bauxite is exposed nzar
Narianwala spring where its thickness is 6-37,
with the top portion being of white to light greyish
in colour and having gritty appearence. The
main zone is 3'-97 thick. is light grey to buff coloured
with yellowish and red patches around joints
The pisolites are creamish, grey and red coloured.
The bulk of the rock is clayey and has a leached-
out appearcnce as is evident [rom its chemical
composition 5102=30.26%, ALO,=46.72%,
Fe,0,=287% Fig. 2, a.

(&) Section at Loeation 7 : This occurs S5W of
Chamilwala Mohar Fig. 1. The thickness of the
scetion is 23,5 feet and the exposed length is
more than 150 fzet. There are three major verti-
cal divisions of the outcrop Fig. 2, b,
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(i) The upper zone of bauxite is white, yellow,
pink to reddish brown in colour and is rather
mettled with occasional ocolites and pisolites. It
has leached out appearence, is light in density,
and is fine grained, loosely cemented and clayey.
It is about 4 feet thick with average composition
of 5i0,=44.52%, Al,0,=39.98%, Fe-0;=0.87%.

(ir) The middle zone consists of vellowish green
pisolitic to oolitic bauxite with a little groundmass
of the same coleur, Tt is loosley cemented and
crumbles easily. Generally, the pisolites are
about 5 mm in diameter but some are 10 to 20 mm
in diameter. These pisolitics are mostly concentric.
The thickness of the zone is 12.5 feet with average
composition of Si0,—=1547%, AlLO;=55417%,
Fe0,=15.71%.

{(iif) The basal zone of bauxite resembles the upper
zone being mottled and creamish, pink to reddish
brown in colour. The zone is highly jointed and-
the joint planes are incursted with pinkish to reddish
brown iron compounds ; the fresh surface, however,
is light cream in colour. The thickness is 7 feet
and average composition is Si0,=13,00%,
ALO;—=68.97%, Fes0y=1.83%.

{c) Mehdi Ziarat Section : This section is expos-
ed south of Mehdi Ziarat with a thickness of about
23,5 feet.  There are five distinct zones Fig. 2, c:-

(i) Upper zone, consisting of fine grained clayey
looking splintry rock. It is well cemented, has
weakly leached appearence and does not have light
density as seen at other places. Thickness of the
zone is 4 feet and average composition is
510, =:12.30%, Al203=72.50%, Fe20,=0.45%.

(ii) Upper-middle zone, consisting of some oolites
and fine grained compact rock. Tt is light grey to
buff in colour with joints incursted with iron com-
pounds. Thickness of the zone is 7 feet and
composition  is  5i0,=13.96%;, Al,0;=70.23,
Fea(),=0.88%.

(iif) Middle zone, formed of abundant oolites and
occasional pisolites and 1s light prey in colour.
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Thickness of the zone is 3-5 feet and average
compasition s 8i0;=26.17%, ALO;=60.12%,
Fe,0;=0.72%

(iv) Lower-middle zone, full of pisolites, 2to 5mm
in diameter, embedded in a groundmass of fine-
grained clay-looking material. Both groundmass
and pisoliles are white to very light grey in colour.
Its thickness is 4 feet and average composition is
§i0; —18.70%, ALO;=064.81 %, Fr,0,-—-097%.

(v) The basal zone, formed of lateritic pisolites and
braceia, The brecciated portion consists of lateri-
tized and unweathered pebbles of shales and argil-
laceous sandstone cte.  This zone gradually merges
into the lower-middle zone. Colour of the
material is dirty red and the thickness is about
5 feet.

() Section at Location 17 : This occurs NW of
Kattha Masral where its thickness is 17.5 feet with
variable exposed length., Three zones are, distinct
in this section. Fig. 2, d.

(i) The Upper zone of this section is while,
vellowish, pinkish and reddish in colour. It is
rather mottled at places, like the upper zone
distributed
pisolites and oolites. It has also leached out
appsarence and is light in density as the mass is
porous and very finc grained.
loosley cemented and soils the finger. 1t is
2.5 feet thick with average composition of
510,=139.307%, Al,0;=40.26%, Fe,0,=3.50%.

at locality 7 with some  sparscly

It is clayey and

(if) The Middle zone is the most interesting as,
besides being loosley cemented and clayey to
pisolitic, is highly aluminous. The ground mass
of bauxite is creamizh to buff coloured and the
pisolites are vellowish to reddish, sometime from
3 to 5 mm in diameter. In this zone, about 200
feat NW of localityl7, there are 2 to 6 inches thick
veinlets composed of fibrous and hard creamish
material, probably alunite. This zone is 6 feet
thick with composition of S5i0,=912%
Al O,=71.11%;, Fe,0,=2.02%..

ASHRAF et g,

(fif} The basal zonc is composed of laterite which
has a slightly undulating relationship with the
middle zone. This zonec is cherry red to red
coloured, pisolitic and massive and is hard as com-
pared to the bauxite zones. The pisolites are round-
ed to oblong and somewhat broken near bottom
of the zone. Size of pisolities varies from 4 to 10 mm.
Thickness of the zone is about 9 feet.

STRUCTURE

The general strike of the strata is east-west
with a northwards dip. The rocks of Cambrian 10
Permian age have high inclination, over 407
while the beds of Tertiary age dip gently, from 10°
to 20°. Slumping is wide-spread all along the
southern escarpment slope and near Ziarat Sultan
Mehdi in the north. Slumping is so enormous
that sometimes gigantic bed of Eocene is found to
have slumped over a long distance and thereby
covered the Paleozoic rocks.

The area shows a sort of corrugated structure
due to the presence of alternating anticlines and
synclines ; where valleys are formed, the anticlinal
and synclinal structure can be observed in the
uneroded hills. The anticlines and synclines are
parts of parallel folds which either die out or show
slight inclination in the younger Paleocens-
Eocenc rocks. While Cambrian to Permo-Car-
boniferous rocks are steeply folded on the surlace,
they appear to be dying out in the surface. In the
Patiala Wahan, near Narsing Pohar, perfectly
parallel anticlinal folds are observed where duc
to space problem older and younger rocks in the
base of fold could neo longer be folded concentrically,
This lack of space (DeSitter, 1956) in the core of
Marsing Pohar anticline created a tendency to
broaden the wedge of upward thrust within the
centre of the fold resulting into longitudnal crest-
fault Fig. 1.

Mormal faulting is  also wide-spread in the
area ; the throw, however, 15 too small to be
mapped.  Anvhow, about 10 major faults have been

mapped. Most of these faults are either normal
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grayity faults or step faults. The best exhibition
of gravity fault is seen in Kalra Wahan where, on
both sides of the valley, down-thrown outcrops of
Permian to Focene can be seen. Step faults appear
in Paiizla Wahan between 1350 and 2258 fecl
high peaks. However, on¢ of the faults 1s 2
scissors-tvpe straitgraphic
throw towards north-cast. A transitional normal

pormal  fault with

fault is also abserved in the southern ared between
1730 and 2051 feet high peaks with a steep south-
western dip.

FCONOMIC GEOLOGY

The chemical investigations {Table 1) show that
hauxite contains Al;Oy from 739 to 38.0%; but
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some samples show exceptionally high silica upto
509 in the top bauxitic layer or in the leached out
portions of bauxite. Fex0; is around 17 in a
fairly large number of samples, but exceptionally
high Fe.0; is also found in some samples. The
H,O content is nearly 14% in almost all the
samples with the exception of Nos. 3,25, 526, and
7,29 wherein it ranges from 20%, to 289%. This
indicates that probably both twvpes of bauxite,
monohydrated and trihydrated. or mixture of both
(diaspore or boshmite and pibbsite) are present. It
is also seen that in samples collected from mines of
decp quarrics, SiQ; is as low as 9.12% and AlOs
is as high as 72.50%; while the samples collected from
the outcrops are high in silica (50%) and low in
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Fig. 3. Relative distribution of alumina and

silice in bauxites of Kattha, Salt Range.
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alumina (38 %). Itis possibly due to the wheathering
effects on the outcrops due to which bauxite has been
leached out in the form of some aluminium salts
under arid condition. In Fig. 3, 5i0; and ALO,
arc plotted to see their distribution in the deposits.
The relationship shows a reciprocal behaviour such
that with increase of alumina, bauxite minerals in-
crease in rock and visq versa. Further, it shows
either absence or presence of very small amount of
impuritics as otherwise their abundance would
have given rise to rather random distribution in the
diagram.

The high content of alumina in some samples
indicates that this bauxite is suitable for the manu-
facture of aluminium chemicals and alumina
refractories etc.  The trihydrated bauxite is preferr-
ed for the preparation of alum. The detailed che-
mical and mineralogical investigations are in
progress to explore fully the possibility of its
industrial use,

Assuming that the outcrops are continuos bene-
eath the Paleocene rocks and there is no distur-
bance of any great importance, it is possible 1o
estimate in a general way the tonnage of hauxite in
the mapped area. This deposit is interstratified
and is derived from alumino-silicate and argilla-
ceous limestone, which generally make fairly uni-
form beds. On the basis of this asumption, the
area was calculated to be making twenty four
square miles of the bauxite undernearth Paleocene/
Eocene rocks. The average dip of bauxite is about
From
the above figures the tonnage comes out to the
tune of 60 million short tons, It is again empha-
sized that this fipure is entirely hypothetical as the
continuity of the depaosits under the Paleocene cover
is not certain, as no drilling data is yet available
over various parts of the area under study.

20° and average thickness about 6 [feet.

ORIGIN

The source rocks for the formaiion of bauxite
in this area arc possibly argillaceous limestone, are-

ASHRAF et al.

naceous shales, pyritous shales, clays and marls
(Table I1). Al these rocks are present in the older
sequence, from Upper Permian-Triassic (o Cre-
taceous (Wadia, 1953). The prevailing conditions
at that time, necessary for the bauxite formation,
were humid tropical or subtropical climate along-
with the presence of argillaceons material and
activity of chemical reagents for conversion of the

source rocks to hauxite,

In view of the above, it is concluded that
in this part of the Salt Range, aluminosilicates
were dissolved by weathering and were impove-
rished in some easily removable impuritics like
sodinm, potassium,
iron. Then a strong bond, estahlished between

calcium, magnesium  and

aluminium and silicon (Kitaisky, 1963), gave rise to
kaolinite. Sulphuric acid derived from pyrite and
other sulphides was responsible for breaking of
this bond and the formation of aluminous ore
ultimately. The acid initiated the reaction by
coagulating silica and precipitating it rapidly and at
the same time dissolving alumina. The increase
in the atmospheric water acidity sharply diminished
the precipitation and deposition of alumina started
It is also concazived that
shallow water conditions might have persisted dur-

from the soutions.

ing intense rainfalls when the formation of humie
acid might have attacked aluminium to form soluble
compounds, The increase in saline and brackish
water, might have further upset the chemical and
physical equilibrium and started the precipitation
of aluminium hvdroxide and iron hydroxide. Such
sort of repeated wet and dry conditions were neces-
sary for that thickness of bauxite bed in the Kattha
area of the Salt Ranpe. The oolitic and pisolitic
structure shows that everything was taking place in
the near-shore conditions, with the movement of
waves producing accretion of material. At some
places, the oolites are either absent or present as
micro-oolites which suggest that the wave intensity
was very low to almost negligible.
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TABLE 2
WEATHERED GEOLOGICAL SUCCESSION

Cretaceous Sequence

2. LUMSHIWAL FORMATION Light-coloured sandstone with
{Lumshiwal Sandstonc) carbonaceous shale bands.

1. CHICHALI FORMATION Dark green and almost black shales
(Belemnite Beds) and sandstene with Cephalopeds

Jurassiec Sequence

2. SAMANA SUK LIMESTONE Grev and purplish, bedded limestone,
{Baroch Limestone) often semi-porecellaneous
1. DATTA FORMATION Yariegated beds consisting of reddish brown,
(Variegated Beds) ferruginous sandstones, carbonaceous shales,
Also red shales and laterite.
——— UNCOMFORMITY —— =
Triassic Sequence
3. KINGRIALI FORMATION Massive, light coloured dolomites
(Kingriali Dolomite) limestones and sandstones.
2. TREDIAN FORMATION Varicgated sandstones.
( Kingriali Sandstone)
1. MIANWALI FORMATION () Mittiwali Shale Member: green shales with

(Ceratitz Bads) minor interbeds of sandstone and limestone,

() Kathwai  Dolomite Member : brownish
weathering thin-bedded dolomite and light-
grey limestone.
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PRELIMINARY ACCOUNT OF THE HARICHAND ULTRAMAFIC COMPLEX, MALAKAND
AGENCY, NNW.F.P., PAKISTAN '

IJAZ HUSSAIN UPPAL

Geology Department, Punjab University, Lahore j

Abstract 1 The Harichand Ultramafic Complex, in the Mulakand Agency, covering abonr 45 squard miles,
has been mappad for the first time on a scale of 6 inches to | mile and is presented here on a reduced scale

of 1 inch 1o 1 mile.

The complex constitutes large bodies of harzburgite with small conformable outcraps of dunite
rock. The harzburgite-dunite bodies are partially surrounded by peridotite rock which ix serpentinized along
ifs contact with the country rocks, consisting of low grade schists. Two small bodies of metagobbraic rack
are present in the metamorphic formations falling within the mapped area.

Chromitite al places is associated with dunite, while orthopyroxenite dvkes sporadically  traverse

the area.

Preliminary account based on field observations and petrographic studies is given, while the resulls
of detailed petrological and chemical work will be presented in a later communication.

INTRODUCTION

Along northern and western  bhorder of
Pakistan (West) a series of ultramafic bodies are
exposed, from Malukand agency in the north to the
Chagai District in the south, with the distribution
pattern apparently following the regional tattonic
trend (Fig. 1). Many of these bodies are chromite-
bearing.

The chromite was discovered in Zhob Vallew
by Vredenburg in 1901, and is being expleited sinee
1903, but little work on genesis of the host rocks,
the ultramafic bodies, has been done. The out-
crops of Fort Sandeman, Hindubagh, Khanoza,
Chagai and Kharan have been studicd by Asra-
rullah (1960). and Bilgrami (1964, 1968), but little
information is available about the rocks from
tribal territorics of Mohmand, Waziristan and
Malakand Agency (The Harichand Complex). The

author thercfore chose ultramafic rocks of the
Malakand agency. 1t has been named as the
Harichand Ultramafic Complex after the locality of
Harichand (Long. 71° 48°° E; Lat, 34 25" 'N). It
can bz reached by a metalled road from Sliergarh,
and by fair-weather un-metalled road from Dargai.
Both thess villages are situated along Mardan-
Malakand highway.

The Complex is exposed as three large and a
few smaller outcrops, making an clongated belt
which is about 3 miles wide and extends for about
15 miles from west of Sakhaket (Long. 71°
54" E: Lat. 34° 27" ™) on Mardan-Malakand
highway to Qila (Long. 717 41" 30" E ; Lat. 34° 2T
307 ).

The arca is one of the low topography, the
average height of the valley floor is about 1500
feet above sea level. Most of the hills are be-
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Fig. 1. Known chromite-bezring ultramafic bodies in West Pakistan (Asrarallab, 1960)

tween 2250 and 2750 fect high while the highest
peak, Badasar, is about 3356 feet above sea level.
The area is drained by few strcams which are fed
by small seasonal nallas with their numerous
tnbutaries that farm a dentritic type of drainage
The rocks are generally free of vegeta-
The arca is

pattern.
tion and ideally exposed for study.
dry and hot in summer, sothat it can be best investi-
gated during winter scason.

The occurrence of the complex was mentioned
by Asrarullah (1960). Afterward, Ali and Amin
{1963) gave a brief account of chemistry of chromite
from thearea. Recently some rodingite rocks from
the area have been described by Qaiser et al. (1970).

Very little is known about the geology of the
Harichand Ultramafic Complex. General map-
ping of the complex has been carried out by the
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author, using photographic cnlargements of one
inch topographic sheets to a scale of 6 inches to
one mile, Detailed laboratory work is in progress
and the present note is meant to give a preliminary
account of the complax,

GENERAL GEOLOGY

The ultramafic complzx has an cast-west strike
with a northward dip ranging from 60° to 907, and is
partly in contact with a series of low grade metase-
diments. Along the northern and western bor-
ders of the complex, the metasedimentary rocks
are well exposed and consist mainly of chlorite
schist and phyllite, biotitc-muscovite-guariz schist,
graphite schist, calcarcous schist, tale-schist and
spapstone. A small elognated body of mztagabbroic
rock separates the ultramafic complex and schistose
metazediments in west of Herushah (Long. 717 48°
30°; Lat. 34° 38° N). Another body of metagabbroic
rock is exposed in the south of Usmanikhel Garhi
(Long. 34° 29’ 25* ; Lat. 70° 51° 20" N). In the
south and east of the complex, no metasedimentary
rock is exposed, except a small knoll of calcareous
schist, therefore nothing is known about the coatact

on these directions.

Thin lenses of rodingile are present within the
ultramafic mass along the western and northern
contact zone ; these will bz dealt with separately in
a later communication.

Mearly two third of the ultramalic mass is
composed of harzburgitc with small conformable
but randomly spread outcrops of dunite rock,
There are threc dunite-harzburgite exposures (Fig, 2)
which are partly to completely surrounded by peri-
dotite rock. OQutcrops of dunite are presant
in peridotite as well having relationship similar
to that of the former with harzbargite. The
contact of harzburgite with peridotite is transitional.
The peridotite is in turn surrounded by a narrow
zone of serpentinite along the contzel of ultramafic
complex with the metasediments and other encles-
ng rocks,
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Most of the dunite outcrops are barren, while
at places chromite is concentrated to constilute
chromitite rock. The latter commonly exhibits
layvering due to differentiation but sometime it
ozcurs as compact bands and rarely as “grape-shot™
ore.

The entire ultramafic mass 1s  sporadically
traversed by thin pyroxenite dykes. At places
veins of tremolite, tale-tremolite, talg-carbonate and
quartz are abundant, but their age relationship is
not yet cstablished.

DESCRIPTION OF LITHOLOGIC TYPES
Dunite and Harzburgite

As already mentioned, the harzburgite holds
numerous outcrops of dunite rock which are ran-
domly spread in the former. These bodies are
always elongated with their longer axes ranging
from one foot to dozens of feet and are conformable
with general strike of the area. On the scale of
mapping adopted at present, it was not possible to
map separately dunite from harzburgite due to small
sized outcrops of the former ; thercfore both types
are described collectively.

The harzburgite is brown coloured coarse
grained rock, which commonly appears massive,
and somestime shows conspicuous layering due to
concentration of pyroxene crystals which stand
the weathered surface. The
fresh rock is olive-geeen with easily recogniscable
crystals of pyroxene.
olivine, however, are difficult to identify in hand
specimen. The dunite appears similar to harz-
burgite but lacks pyroxene.

prominently  on

Ihe individual crystals of

Microscopic study reveals that the mineralogy
of these rock tvpes is fairly simple.  Dunite
commonly consists of 98 % of olivine which is fresh
to partially serpentinized and the harzburgite con-
sists of about 15%; orthopyroxene in addition to
dominent oliving. Most commonly these rock
types show xcnomorphic granular texture but
somelime it is pseudoporphyritic due to large
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subhedral crystals of orthopyroxens and clivine
enclosed in a granular matrix of olivine.

Olivine is commonly anhedral (Fig. 3) and
frequently displays subparallel translational lame-
Hac. Tts composition ranges from forsteriie to

chrysolite. 1t commonly contains inclusions of
chromite and exhibits all degrees of alteration to
serpentine,

UPPAL

generally fresh, but at places shows alteration to
magnetite, Very thin veinlets of carbonate mine-
ral are also ssen. Accessary minerals are rare

and include limonite and iddingsite.

The compositions of olivine and orthopyroxene
in individual rock samples are fairly uniform :
olivine from representative samples of dunite and
harzburgite is Foss., (£=1.676) and Fo §7.5

Fig. 3. Typical dunite 25

Byroxene composition is commonly in the
range of enstatite but bronzite is not uncommon,
The poikilitic inclusions of olivine grains inside
large pyroxene erystals are noteworthy. Pyroxene
is of “Bushveld type”, so that it shows conspicuous
exsolution texture with lamellae of clinopyroxene
oriented parallel to the (100) plane of the ortho-
pyroxene host.  Somerime
of small blehs represent the clinopyroxene lamellae
(Fig. 4). Pyroxene doss not show recogniseable
zoning while alteration to fine prained talc is

discontinuous  rows

common.

Chromile is 2 common accessary mineral

found in these rocks; it is commonly anhedral,

Fig. 4. Harzburgite, cxhibiting “Bushveld Type™
orthoporoxens. = 25

(F=1.677) respectively : orthopyroxene in the
same sample of harzburgite has composilion
almost Engep (E=1.678). Modal composition of
the sample is as follows : ohvine, 71.5%; ; ser-
pentine, 11.4%; ; orthopyroxene, 11.2% ; talc 0.6 %4;
chromite 1.0% : and iddingsite in minor amount.

Peridotite

The peridotite rock app=ars brownish in fisld
although fresh surface is dark green in colour. It
is a coarss grained rock and is generally compact,
but at places shows a conspicuous foliation. Ran-
domly distributed erystals of whitish pyroxenc are
visible on weathered surface while their partial
removal produces a sort of pitted effect. The
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peridotite also contains small outcrops of dunite
which appear similar to those contained inside
harzburgite except for their relatively stronger
serpentinization,

The peridotite consists chiefly of olivine or
serpentine after it. and altered pyroxene with minor
amounts of chromite and other accessary minerals.
Commonly the rock shows a xenomorphic granular
texture. whilz in partially serpentinized rocks,
blades and plates of colourless antigorite project
radially along eracks into cores of relict olivine in
an “ecxploded-bomb-fashion.” The rock also
contains numerous veins of chysotile serpentine and
occasionally of structureless serpophite.

The composition of olivine in the peridotite
rock ranges from forsterite to chrysolite, while the
nature of pyroxene is difficult to identify because
of ils common alleration. The pyroxene along
harzhurgite-peridotite contact zone is commonly
altered to serpentine but generally to a product
which appears colourless to slightly brownish by
plane polarized light but between cross nicols shows
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polarization colours of second order. It could not
be identified so far. Rare relicts of augite are
recognizeable (Fig. 5).

In gencral there is considerable secondary iromn
ore within altered pyroxenc crystals displaying
lattice texture. Chromite is generally anhedral
and fresh but its altcration to magnetite is not
uncommon. Other minerals include

carbonate, iddingsite and limonite.

ACCesSary

Modal composition of @ typical sample with
olivine Foyg. (F=1.679) and augile (CNZ=43%)is:
olivine, 62.6% ; serpentine after olivine, 22.49% .
augite, 0.2% ; altered pyroxene, 13.37 ; chromite
0.1% ; magnetite, 0.1%; ; limonite and iddingsite,
0.1%.

Serpentinite

The serpeatinite of Harichand complex is grey
coloured compact rock, with partially bleached red
crystals of carbonate. The fresh rock 15 green
coloured. The rock shows no layering except when
marked by zones of chromite concentration.

Fig. 5. Peridotitc showing alteration of augite mineral.
Eew relicts of augite and secondary iron ore
stand prominently. =23

Fiz. 6. Carbonale-scrpentinite with antigerile display-
ing rectangular texture. w25
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Microscopically the rock consists mainly of
blades and plates of antigorite displaying a rect-
angular texture (Fig. 6). Occasionally, the
chrysotile veinlets reveal a mesh texture enclosing
antigorite, rarely with relicts of olivine. At
places colourless or light green chlorite, with or
without serpentine, is found ; cspecially along the
contacts of ultramafic mass with the enclosing
rocks,

Carbonate is présent in variable amounts with
its outlines controlled by blades and plates of
anligorite,

Magnetite occurs as one of the accessary
minerals ; it is generally anhedral and is randomly
distributed. A lattice texturc after pyroxene.
consisting of antigorite and magnetite, 1s commonly
seen. The magnelite is clearly formed from two
sources @ as a by-product of serpentinization and
by complete or partial alteration of pre-existing
chromite.

Other accessary minerals include fresh chromite,
limonite and iddingsit.

Modal compeosition of a typical rock specimen
is as : serpenting, 84.7% carbonate, 9.8 % ; magne-
tite 5.0%; ; chromite 0.2% : limonite 0.1 % : and
iddingsite 0.1 5.

The rock with rectangular texture of antigorite
but. lacking lattice texture can be called dunite-
serpentinite while the rock with lattice texture can
be termed peridotite-serpentinite.

Chromitite

As already mentioned, the dunite rock in hare-
burgite as well as peridotite and dunite-serpentinite
are generally barren, except for local concentration
of chromite in sufficient amounts for the rock to
be called “chromitite” and may form cconomic
deposits. The chromitite can be subdivided into
two groups (@) chromitite proper, consisting of
almost pure chromite and (b) dunite exceptionally
rich in chromite. The latter type constitutes rather
low grade ore.

UPPAL

The chromitite proper is a medium to coarse
grained rock with chromite grains displaying metal-
lic lustre and anhedral 1o subhedral outlines.

Microscopic study reveals that in chromitite

anhedral to subhedral chromite, ranges from 30%;
to 80%. with rare euhedral crystals (Fig. 7).

Fig. 7. Chromitite

showing anhedral
chromite mineral. Rounded inclusion of olivips
are present in chromjte, » 25

crystals  of

In the specimens exceptionally rich in chromite. the
grains are closely packed, with olivine OCCurrng as
interstitial matertal.  Sometime the chromite grains
are elongated to mark a layering at the microscopic
scale with a conspicuous pull-apart texture and
frequently showing microfolding and microfauli-
ing. No cross-cutting of chromite layers s
noted.

Replacement of chromite by magnetite along
the peripheries and cracks is common and appears
lo depend upon the degree of the serpentinization
of the host rock.

The olivine generally occurs as mosaic of
irregular grains, vccastonally sheared and foliated.

Rounded and elongated inclusions of olivine, or of
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serpentine after it, are common in chromite but
reverse is also seen.

Replacement of olivine by serpentine is exhi-
bited in all degrees, and the serpentine thus formed
commonly displays a mesh texture.  The secondary
minerals include carbonate. chlorite, iddingsite
and limonite.

A typical specimen with olivine Fogg.
(F-=-1.674) has : chromite, 70.2% ; olivine, 16.7% 3
serpentine, 12.2% : carbonate and iddingsite etc,
0.7%.

Pyroxenite

The dykes of pyroxenile vary in thickness
from 9 inches to 2.5 feet and can be traced over
hundreds of fect, The pyroxenite is coarse grain-
ed, black or dark green in colour and consists mainly
of orthopyroxene having a composition varying
from cnstatite to bronzite. The pyroxene is of
“Bushveld type” and commonly exhibits partial
alteration to talc.

Fig. 8. Pyroxenite exhibiting xenomorphic texturcZand
repleceament of pyroxens by celourless amphi-
bole: =25
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At places small amounts of olivine are present
either as an interstitial mineral or as poikilitic
inclusions in pyroxene. Chromite and carbonale
are common accessories, while a colourless amphi-
bole (Fig. 8) and limonite are also frequently
prescnt.

A representative sample consisting of bron-
zite pyroxene, Engs., (F=1.682; -ve) have @ pyro-
xene, 78.6% ; tale 13.9%; amphibole 7.3%;
and chromite (.85,

CHEMISTRY

Chemical analyses of typical samples of
difficrent rock typeés have been carried out and are
given in Table .

CONTACT PHENOMENA

The contact between the ultramafic mass and the
metasediments and other enclosing rocks, is every
where steep and concordant, but at places exhibits
effects of shearing. Despite attempts, no evidence
of thermal induration or hornfelsic structure 1s so
far noted in any specimen of the country rock at or
near the contact. At places the contact is marked
by talc-carbonate. tale-tremolite or chlorite rocks.
These and other interesting phenomena will be
reported when their detailed ficld and laboratory
investigations are complated. '
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TABLE 1

Dunite Harzburgite  Peridaotite Serpentinite Chromitire Pyroxenire

13017 13073 12285 12300 13591 13014
5i0; 38.01 40.95 41.24 39.79 7.93 55.74
Fes O, 6.87 3.33 5.35 4.46 3.67 341
FeOQ 5.31 6.96 5.43 4.08 12.68 6.29
Al Oy 1.18 1.08 3.08 9.9]
MnO 15 19 22 03 04 07
Tiz O 09 .4
P20y .62
Cra Oq 1.76 -19 1.47 31 33.25 .35
MgO 45.52 41.46 36.68 3n.i4 22.09 33.04
CaO .42 1.98 18 2.64 1.20
K,0 04 g A1 n.d. 008
Na, O .13 .03 8 n.d. 061
H: OF 1.13 4.75 0.36 11.69 6.08 15
Hz0- .33 09 .59 03 23 A0
COy 18

Total : 99.25 X 99.71 100,60 99.71 100.62 100,659
Anafyst : I H. Uppal.
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PROBLEMS OF STRATIGRAPHIC NOMENCLATURE IN THE HAZARA DISTRICT,
N.W.F.P., PAKISTAN

BY

AFTAB A. BUTT

Geology Department, Punjab University, Lahore

Abstract :
two with five and two mzmbers respectively,

Three formations,

INTRODUCTION

Waagen & Wynne (1872) for the first time
made a systematic attempt 1o establish the strati-
graphy of Hazara. Middlemiss (1896) gave a de-
tailed account of the geology of this region to-
gether with a geological map. However, several
lithostratigraphic  units  recognised by these
authors did not follow the modern concept of
stratigraphic nomenclature, for the
“Infra-Triassic Series” of Moddlemiss (“Below the
Trins" of Waagen & Wynne) and the “Numulitic
Series” (Nummulitic Formation of Waagen &
Wynne). During the 1960-1970,
publications have appeared concerning the strati-
graphic terminology of Hazira (Marks &
Muhammad Ali, 1961, 1962 ; Davies & Garderi,
1965 : Gardezi & Ghazanfar, 1965 ; Butt, 1968
Latif, 1970). The contribution of Latif, despite
some shortcomings, is an attempt to define for-
mally tha enlire succession of Hazara. However,
in view of the reccommendations of the Stratigraphic
Committee of Pakistan many new names proposed
by Latif for the Mesozoic and Tertiary are regarded
unpurposeful because these units have their cxten-
sion in the adjoining arcas of Salt Range, Kala
Chitta, Potwar and Kohat (Samana Range), where
they have since long been estahlished with formal,

example

yCars somée

Hazara Formation, Abbortabad Formation and Kihal Formation, the last
are recommended for the unfossiliferous sequence of the (7)

Paleazoic of Hazara stratigraphy, as opposed to Hazara Group and Abbottabad Group of Latif (1970).

actually acceptable nomenclature. The stratigraphic
nomenclature of the unfossiliferous succession of
Hazara of doubtful age, (7) Palzozoic, as proposed
by Latif, is far from satisfactory. The purpose of
the present study is to discuss these units and to
altempt to bring them in accordance with
the normal practice of stratigraphic nomenclature
(see Fig, 1).

STRATIGRAPHIC UNITS

Hazara Formation

The name Hazara Formation has been formaliz-
¢d here for the “*Slate Series™ of Middlemiss (1896).
Marks & Muhammad Ali (1961) named this unit
as the Hazara Slate Formation, which name has
been followsd popularly in later years (Davies &
Riaz, 1963 ; Davies, 1963 ; Davies & Gardezi, 1965,
Gardezi, 1968), while Latil (1970) proposed  the
new name of Hazara Group. These rocks belong
to the oldest exposed sequence in Hazara of which
excellent cxposures can be seen along the Lora-
Magsood road and along the Abbottabad-
mathiagali road.

If we study the main lithological features of
this lithostratigraphic unit, we find that it is ex-
posed as thick succession of unfossiliferous, well
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HAZARA SIRATIGRAPHY

bedded, largely fissile rocks, commonly showing
an alternation of arenaceous and argillaceous de-
posits. In addition, according to their supposed
stratigraphic position and structural characters,
two types of algal limestones are also present.
According to Gardezi {1968). the lower one 15 known
as the Miranjani Algil Limestone and the vpper
one, the Langrial Algal Limestone (Lungurial band
of Middlemiss, 1896). From the lithological
featyres it is cvident that this rock unit is not
composed of true slates for which reason the name
Hazara Slate Formation cannot bz adopted. Even
Marks & Muhammad Ali (1961, p. 48) themselves
confirm that “Although the various names applied
to this formation all stress its slaty appecarance,
true slates form only small part™. Keeping in mind
that the rock character is of varicd nature, our
purpose of nomenclature is bast served if we call
it as Hazara Formation. named after the Hazara
district. Exposures at Baragali can be regarded
to form the type lozality along the Natiagali-

Abbottabad read.

Latif (1970) recognised five formations in his
newly proposed Hazara Group, Lower Formation,
Miranjani Limestone, Middle Formation, Lang-
rial Limestone, Upper Formation respactively.
If we follow his description (p. 10}, he states that
“The Lower. Middlz and Upper Formation all
taken together are composed of low grade slates,
argillites, silty shales, sub-greywacke sandstones
and siltstones, interbadded with gypsum and cal-
careous shales”. This fivefold division on the
basis of occurrence of two types of algal lime-
stoncs is not according to the requirements of
stratigraphic nomenclature, because his three forma-
tions are not in accordance with the formal de-
finitions, and, moreover, they do not have diag-
nostic characters to separate them from one another.
If we want to put more emphasis on the structural
characters of the limestones as a basis of sub-
division, we must keep in view this fact that funda-
mentally these limestones are having the same com-
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position and the variation in the physical character,
one showing wavering ridges on the weathering
surfaces, and the other typically nodular, can
possibly exist when we see the enormous thickness of
the flyshoid sediments amongst which occasionally
the environments gave risc to the deposition of
algal limestones. It can certainly be said here that
in the present state of our knowledge there is no
sound basis to accord a formational rank to five-
fold division, and hence the stratigraphic name
Hazara Formation is introduced here.

Waagen & Wynne (1872) applicd the name
Attock Slates to the Hazara Formation on the basis
that the Attock Slates, the type exposures of which
are found at Attock along the Grand Trunk Road,
do extend in Hazara district. Although there
is a striking similarity of the deposits found at
Attock and those in Hazara, Tahirkheli (1970) has
taken a different view. Under these circumstances
it is considered appropriate to usc the name Hazard
Formation for the deposits exposed in” Hazara

district.

Abbottabad Formation

Marks & Muhammad Al (1962) proposed
the name Abbottabad Formation for the “Infra-
Trias™ of Middlemiss (1896) after its occurrence
near the town Abbottabad, the type section being
exposed 51 miles south of Abbottabad' near
Khotedi Qabar along the Hazara Trunk read.
They distinguished five members on the basis of
their detailed study of these dposits in their pre-
vious paper (1961). However, they did not give
any geographical name to any of their members.
Latif (1970) followed the concept of lithostrati-
graphic subdivision of the authors in a manner
that he scparated the topmost member from the
Abbottabad Formation to which he gave the new
name as Sirban Formation. He recognised the re-
maining four members which were named by him as
Tanakki Member, Sangargali Member, Mahmdagali
Member and Mirpur Member. These were combined
by him into a single formation, the Kakul Formation,
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newly proposed by him. These two formations
thus constituted his Abbottabad Group in which
two more formations were included, the Galda-
nian Formation and the Hazira Formation.

The apparent reason of Latif’s separation of
the topmost membzr of the Abbottabadd Forma-
tion of Marks & Muhammad Ali seems to be due to
the fact that the thickness of the uppermost membear
is considerable, estimated to bz 1600 feet, and.
therefore, he gave to this member the status of a
formation. 1f we scethe lithological features, we find
that the Abbottabad Formation bzgins with clastic
deposits represented by a conglomeratic membar
passing into an arenaceous membzr. This,in turn, is
followed by carbonate deposits, the dolomite
member, which is again overlain by an arenaceous
member indicating a return to earlier sedimentary
conditions. This is finally followed by carbonale
deposition represented by a dolomite member. This
is an example of rhythmic alternation of arenaccous
and calcarcous facies. Therefore, it is reasonable to
include five units into a single formation. The
Sirban Formation of Latif is, therefore, remarded
here as Sirban Member of the Abbottabad Forma-
tion. Thus the recognition of fivefold division of
th= Abbottabad Formation follows the original
concept of Marks aud Muhammad Al (1952).

Muhammad Ali (1962) recognised the Abbott-
abad Formation in the Tanol area as well, where
he identificd four members, to which he also did
not give geographical names either. According
to him the lowermost and the uppermost members
(now named here as the Tanakki Member and the
Sirban Member) compare closely at both lozalities,
while detailed differences exist in batween and the
general degree of metamorphism is sensibly higer
in the Tanol area. TIf we want to correlate the
sequence of the Tanol area with that of the type
locality in Abbottabad area, we find that the
Mahmdagali Membsr is not recognisable in the
former locality, where on the basis of lithological
characters, it would form part of the MirpurMember.

BUTT

Kihal Formation

Butt (1968) introduced the name Kihal Forma-
tion for the “voleanic material” and “‘yellow
shales” of Middlemiss (1896) found below  his
“Triassic Saries”. The name is derived after its
oscurrence near Kihal village in the vicimity of
Abbottabad, The formation is composed of two
distinct facies, the one containing argillaceous
sadiments to which a stratigraphic name, the Hazira
Formation was given by Gardezi & Ghazanfar
(1965) and it refers to the “yellow shales” of
Middlemiss. The other facies which represents
yoleanic material” of Middlemiss was designated
by them as the Haematite Formation. Both
these units bzlong to the highest sequence of the
Abbottabad Group of Latif (1970). Butt (1968)
combinad the two facies into a single formation,
the Kihal Formation which consisted of two
members, Hazira Member and Shekhan Bandi
Member, the latter name proposed for the Haema-
tite Formation of Gardezi & Gharanfar (1963).

If we see the stratigraphic position of these
two entirely different facies, we find that they
occupy similar stratigraphic interval.  Fach facies
is overlying the uppermost member, the Sirban
Member of the Abbottabad Formation with
apparent conformity and, in turn, is being overlain
by the Samana Suk Formation of Jurasssic age.
A band of pure white sandstone, 3 feet thick marks
the top of cach facies. Because of the similar
stratigraphic level of these lateral equivalents in the
sequence, the author feels appropriate to combine
As the lithological
features of these stratigraphic units do not appear to
hive any comparison with the underlying Abbotta-
bad Formation, they should b2 separatzd from the
Abbottabad Group of Latf (1970). The view that
thes: deposits merit separats recognition from the
Abbottabad Group of Latif, has also bzen expressed
by Fuchs (1970), while discussing the sigaificance
of Hazara stratigraphy to the Himalayan geology.

them into a single formation.
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A NOTE ON THE PERSISTENT PARH

The Parh Limestone is one of the most extensive
formations of West Pakistan. It runs from Gadami
in Las Bela in the south to the tribal teritory of
Waziristan in the north (Fig. 1). Ths most remark-
able character of this formation is its persistence in
lithology from one end to the other though it passes
through variable environments during its deposition.

The formations both below and above it show
lateral and wvertical variation in lithology. It 13
not only true of Jurassic strata and the rocks below
but also of the Belemnite Shales which are gensrally
of Cretaccous age as the Parh itself. The rocks
above Parh show muoch more rapid variation in
lithology, In some areas they are represented by
shales while in other by limestone or even by sand-
stone (Figs. 2.3,4). All of them are of Cretaceous
Hgi.'..

The author had a chance to run sections through
the Parh Limestone at a number of places from Las
Bela to Forl Sandeman and Lo the west in Raskoh,
and ¢ast in Gokurt area, It has a big varation in
thickness but faithfully maintains its
character which

lithology
throughout, a impresses the

regional geologist.

Lithologically the limestone is porcellancous
or sub-lithographic, white, light grey also with pink,
green and red colours in places arranged sometimes
in allernate bands, The beds range from a few
inches to 2 feet in thickness and show conchoidal
fracture. In places it contains in various proper-
tions bands of volcanic rocks. Nodules and small
thin lenses of chert between the beds are also found
in many exposures.

The above lithological description is true for
the various parts of Baluchistan geosyncline e.p.,
Miogeosyncline, Eugeosyncline, Geanticline and
submerged ridges,

This factor proved a very rcliable guide in
mapping and in discerning the structure of the
highly disturbed areas. There are areas where the
lithalogically resembling rocks of different apes are
brought in juxtaposition by the structural distur-
bance. For example, the Gharij Shales came into
contact with the PBefemnite Shales or Dunghan
Limestone has faulted against the Jurrassic lime-
stone of apparently similar lithology. In such
cases it 15 the Parh Limestone along which come to
the rescue of the structural geologist as a distinet,
easily recognizable and reliable hornizon to under-

stand the complexities of the structure.,

The figure 1 shows the area of the exposures
of Cretaceous rocks where the Parh Limestone is
also generally found. Some lines of the scctions
where the author has seen the Parh Limestone are
also shownasa, b, o, d, ¢, [, and g on it,

{z) Las Bela : Here the Parh Limestone is exposed
below the Pab Sandstone all along the western
flank of the Pab Range. Thinlenses of Parh Lime
stone are also found in the belt of valcanic rocks
from east of Naka Kharai in Las Bela District to
Gokurt in Kalat District. The isolated thin layers
which are seen caught within the inter-pillows spaces
and the voleanic trap has the same lithology as the
Parh Limestone of the flank of the Pab Range.

(k) Khuzdar : In this area the Parh is widely ex-
posed with an unconformity onits top. In Gungo
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Fig.1. General location of su tficial rocks of Cretaccous period.

area 9 miles W-SW of Khuzdar it is seen interbedd-
ed with volcanic teaps and overlain by a band of
marly shales below the Pab Sandstone. Here also
it persists in its lithology and is recognized at the
first glance.

(c) Jangal : Here also the position is the same as
in Khuzdar. Though the volcanic beds here in-
creases in frequency but the Parh Limestone main-
tains its lithological characters.

(d) Raskoh : In the eastern Raskoh e.g. near Mal

Thana on the Nushki-Dalbandin road thin lenticular
bands of Parh Limestone arc found in Kuchakki
volcanics of Cretaceous age. The age of these
volcanics is determined to be the same as that
of Parh by the Photographic Survey Corporation.
Thin lenses have been seen by the author sparsely
dispersed in the volcanics west upto Duki Nala
south of Dalbandin. Though the lenses are very
thin and sparsely dispersed in the thick scries of
the volcanics but still stick to their individuality of
lithology.
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(¢) Gokart : In Gokurt area 15 miles west of
Dhadar in Kachhi Disirict the Parh Limestone is
exposed below the Moro Formation of the Photo-
graphic Survey Corporation. Here also it shows its
typical lithological character.

(f) Quetta : Tn Quetta area in the Murree
Brewery porge, the thickness of Parh Limestone is
very much reduced alongwith other Cretaceous
rocks compared to other areas. However, the
reduction in thickness could not affect its lithology
to any marked degree.

(g) Loralai : In this area the Parh Limestons

shows its best exposures and imparts a beautiful
panorama to the surrounding of the Loralai town
by its light grey, pink and red shades on the weather-
cd surface. It is in this locality that we can easily
study its main charucters of lithology though
they remain the same as in other localities.

(i) Zhob : In this district the author has examined
the Parh Limestone in many places. The ultrabasic
intrusions of Hindubagh and other places in Zhob
districts and the volcanic rocks of Chinjan and Kach
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areas are supposed to occur within this formation.
There also though it has accommodated igneous
rocks of much greater thickness than its own yet it
refruined them from interfering into its lithological
characters 1o any marked sign.

As it has been stated above, the uniformity of
the lithological character in such a wide area of
deposition under variable environments has im-
pressed the author to write this article. It is per-
haps the only formation of Tethys basin that keeps

NOTICES. ABSTRACTS AND REVIEW

it provides the Pakistani stratigraphers and the
sedimentologists interesting material to  discover
the causes of this persistence.
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Pakistan College of Mincral Technology
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its lithological characters intact throughout. Thus Islamabad.

Tanuary, 1970
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A NOTE ON THE CHEMICAL COMPOSITION
AND MAGNETIC RESPONSE OF CHROMITES
FROM HINDUBAGH, BALUCHISTAN.

The occurrence of chromite in Hindubagh,
Baluchistan, was discovered by Vredenburg in 1502
(Hayden, 1918). Since then, about 30,000 tons
of high grade ore are recovered annually. In 1969,
during a visit to Mine 155, the senior author noticed
a heap of discarded ore which appeared significantly
different from the main ore (A), due to i1s black
colour and fine-grained texture.

On analysis, specimen of black ore (B) was
found to be a fairly good chromite with Cr/Fe ratio
of 291 as compared with 2.94 for the normal
gre. However, a significant difference was found
in the ferric iron content which was abnormally
high in (B) as compared with (A).

Another interesting observation was made
while purifying the specimens for chemical analysis.
Ground portions (80-120 mesh) of chromites A
and B were treated with hromoform to remove
light mineral fractions. The heavy mineral associ-
ales were removed with the help of a Frantz Tsody-
namic magnelic separator. While the chromite
mineral, from ore (A), separated almost completely
at 0.6A (ampere) current intensity, 15° sideward
tilt (5.T.) and 30° forward tilt (F.T.), the black
ore (B) showed an entirely different behaviour. The
chromite mineral from this ore started separating
around 0.1 A and continued to afford sizable frac-
tions uptil 0.44 A : no chromite fraction was obtain-
ed at higher current intensitics. To investigale
this unusual behaviour of chromite B, fractions were
obtained by fixing current intensity at 0.1A, 0.2A
and 0.4A which yielded 6%, 307, and 649
portions respectively, The chromites A, B and
fractions of B were all analysed, following the
modified scheme of Shafecq (1969), and the data
are reporied in Table T alongwith certain recasted
values.
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In order to understand the relationship between
chemical composition and magnetic response, Fig. |
was prepared on the basis of data given in Table 1.
The top-most portion of Fig. 1, shows the guantita-
tive relationship between chromite fraction separated
and current intensity applied. The position of
chromite A has been plotted for comparative
purposes. It isinteresting that when various curves
are extrapolated (dashed portions) they almost join
the position of (A) under their normal trend,
although the chromite B yields no fraction after
0.44 current intensity.

Following are the additional inferences from
Fig. 1 :—

1. Various curves are regular and show a
definite relationship between chemistry of chromite
fraction and the current intensity applied.

2. Significant variation in chemical compasi-
tion is shown by the values of Cry 03, Fea O3 and
FeO while values of MpgO and Al; Oy show only
minor decrease with increase in current intensity
applied.

3. The values of Fey O, and FeO show dis-
tinct reciprocal variation such that while the value
of Fez Oy decreases that of FeO increases with
increase in current intensity applied.

The graph shows that chromite fractions with
higher content of Cra Oy will alse require higher
intensity to separate. When read in conjunction
with curves for FeO and Fez O, the higher Crz O3
bearing fractions also have higher FeQ content
and reciprocally lower Fes O3 content ; that the
chromite (B) contains abnormally high Fez O,
explains its separation at current intensity signifi-
cantly lower than that required for separating
chromite (A).
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Oxides

Cri0y
Al O,
Fez 04
FeO
MgO
MnO
TiO,
Si0,
Total
CrFe
RO/R,04

Cr
Al
Fei*
Total
Fel+

Mg

Total ;

Hayden, H.IL, 1918 General report of the

Shafeeq Ahmad,

India, 48, 12,

8, 33-38.

TABLE 1

Weight percentages

Fractions of B of

A B 01A 0.2A 0.4A
3572 33.48 438.12 5006 54.44
12.59 13.46 15.80 I5.25 12,80
3.37 11.45 16.28 13.23 10.35
13.62 547 2.30 4.70 6.48
13.56 15.06 16.90 15.30 14.60
0.35 (.33 .29 0.39 0.29
0.38 0.30 0.31 0.31 0.28
0.2%8 0.32 0.32 0.35 0.26
99,87 99 .87 100.32 100.19 9950
2.94 291 2.50 272 303
1.01 1.01 0.79 0.80 .54
Caulions an basis of 32 (0)

11.44 10.64 9.37 9.99 10.95
3.86 4.01 4.58 4.48 3.84
.66 2.18 3.01 248 1.98

1596 1683 16.96 16.95 ez
2.58 _116 041 0.59 1.32
5.10 5.52 6.09 5.56 5.45
0.08 0.07 0.06 .08 0.06
8.06 6.75 0.56 6.53 6.83

o Analyst : Shafeeg Ahmad

F.A. SITAMS

SHAFEEQ AHMAD

Geolagy Department

Punjab University, Lahore

TR ERERS Dzcember, 1971,

Geological Survey of India for the year 1916. Ree. Geol. Surv.,

1969 An improved scheme for chromite analysis. Geal. Bull. Punjah  Univ,



b ow oy T
ald L

LAY

oo i

LR A
.H"‘.fldl

i

TR ey g

NOTICES, ABSTRACTS AND REVIEWS

FFFECT OF HEAT ON FeO CONTEXNT OF
CHROMITE MINERAL

During geochemical study of a large number
of chromites from Hindubagh, thc author found
them to have low range of ferric iron content (from
1.10% 1o 6.54%, in 58 analyses). This is also true
of chromites reported from Hindubagh by Bilgrami
(1963). However, at Mine 155, :mall
bodics associated with a large chromite deposit,
show a totally different structure and general

chramile

appearance which prompied its detailed study.
(Shams and Shafeeg. 19720 in press).  Given
(Tahle I} arc analyses of normal chremite (A) fram
the main body and chromite (B) from associated
extensions. The latter shows abnormal excess of
Fea0; and simultaneous deficiency in FeO content.
Among various factors responsible for this, preval-
ence of oxidizing conditions was thought as cne of
them, which may have accounted for higher Fe, 04
content of chromite ( B) as compared with the normal
chromite (A). Censidering field asscciation, small

79

fractions of chromite (A ) were heated in atmesphere
ar SOGSC, 700°C, S00°C, 1106°C and 1300°C for
24 hours in each case and their Fe(} percentage
determined by Seil's methed (1943) ; the data are
given (Table 1-2). The values thus oblained are
represented in a graph (Fig. 1), and the main
inferences drawn are as follows.

1. The graph shows a gentle Fall in FeO con-
tent frem 300°C 1o T00°C (FeO 13.10% to 11.38%
by weight).

2. - Alter 706°C a sharp fall in FeQ percentage
tukes place upte 906°C when there is only 2.59%
FcO by weight.

3. After 906°C the temperature seems to have
little effect as I'eQ weight percentage decreases
very slowly and reaches a value of 1.73 5, by weight
at 12006°C.

The position of chromites A and B are also
plotted in Fig. 1.

160 -
&
(]
Lo
-8 12.0
by
|
@
w
¢ B.0-
n
—
£Z
Loy
-]
z 4.0
0.0 T T T T T T =1
Q0 200 400 600 800 1000 1200

1400

Temperatur e'c
Fig. 1. Curve betwesn temperature and weight percentage of FeD in chromite,
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TABLL 1 TABLE 2
Chemical Composition of normal Chromite, (A) FeO content of heated Chromite (A).
and high Fe*r Chromite (Bj.
Oxides Weight Percentuge Temperature Weight Percentage
A B Fe)
Cry0y == RS 53.48 SMEC 13.10
AlO, .. 1239 13,460 TOEC 11.38
I7ea; s AT 11.45 9007 C 259
e .. 13.62 547 11065 2.16
MeaO . 13.56 15.06 1300°C 1.73
An() .. 035 033
11l Bt A SHAFEEQ AHMAD
S5i0 ... D28 0.32 Geology Department
Total & = 99.‘5?_ 99 87 Punjab University, Lahore

December, 1971

REFERENCES
Bilgrami, S.A., 1963 Further data on the chemical composition of Zhob Valley chromites. Amer.
Min., 48, 573-347.

Seil, G., 1943 Determination of ferrous iron in difliculty soluble materials. Indus. and Chem. Anal.
Ed. 15, 139.
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STAFF LIST OF THE DEPARTMENT OF GEOLOGY, UNIVERSITY OF THE PUNJAB
(AT THE 31st DECEMBER, 1972).

I. Teaching Staff.

Name and Qualifications Subject Appoinred

Professor of Geology

Brof. F.A. Shams, M.5c. (Pb.), .. Mineralogy, Petrology, .. Movember, 1936.
M.A. (Cantab), Ph.D. (Pb.), X-Ray Crystallography,
Head of the Department.

Assaciate Professors :

Dr. M.A. Latif, M.Sc. (Pb.) M.Sc. D.ILC., .. Micropaleontology, .. July, 1957,
Ph.D. (London), F.P.T.C. (Vienna). Stratigraphy.

Dr. Aziz-ur-Rehman, M.Sc. (Pb.), .. Applied Geophysics. .. February, 1960.
D. Rehr, MNat. (Munich).

Mr. A H. Gardezi, M.Sc. (Pb.), M.Sc. DI.C. .. Petroleum Geology, .. March, 1962,
(London), D.M. (L. N.I. Rome). Structurc

D:. 5.F.A. Siddiqui, M.Sc. (Pb.), .. Mineralogy, Petrology. o. July, 1960,

Ph.D. (London),

Assistant Professors :

Dir. Altab A. Butt, M.5c. (Pb.). Pa.D. .. Micropaleontology, .. June, 1939,
{Utrecht). Stratigraphy.

Mr. Munir Ghazanfar, M.Sc. (Ph.), M.5c. .. Geomorphology. .. January, 1965,
(Sheffield).

Mr. M.H. Malik, M.Sc. (Ph.), M.5c. D.L.C. .. Lngineering Geology, .. March, 1965.
(London).

Mr. A, Shakoor, M.Sc. (Pb.), M_5c. (Leads). .. Engincering Geology. .. May, 1965,

Mr. Zulfigar Ahmad, M .Sc. (Pb.). ..  Mineralogy, Feonomic Geology  August, 1967,

Lecturers @

Dr. Mohammad MNawaz. M.5c. (Pb.). .. Mineralogy. Petrology. .. January, 1968.
FPh.D. (London).

Mr. Liaquat A. Sheikh, M _Sc_(Pb.) .. Palzontology, Stratigraphy. .. April, 1969.

Mr. Mohd. Anwar-ul-Haque, M.Sc. (Pb.). .. Applied Geophysics. .. June, 1971.
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Subject Appointed

Mr.Farong Ahmﬁ-d Khan, M. Sz (Pb.)
D.1.C., M. Phil { London).

Besearch Assistants :

- S, Tasser Hussain®, M.Sc. (Ph.). Ph.D.
(Utrecht).

D - Fazal-ur-Rehman, M.52. (Ph.). Ph.Dn (PD.). ..
Mr. Shafecq Ahmad, M.5c. (Pb.).

Mr. ljaz Hussain, M.S<. (Ph.).

Deomonsiralors :

Sarfrar Abmad.

Zulfigar Ahmad Bhatti.

Allah Bakhsh Kausar

K halid Saeed . it

Arshad Mahmood Bhutta,

Petroleum Geology. MNovember, 1971,

Sedimentology
Vertebrate April, 1966
Paleontology.

seochemisiry. December, 1966.
Geochemistiy January, 1967.

Mineralogy. Petroloay., January, 1969.

Paleontology. April, 1971,
Paleontology. April, 1971,
Mineralogy. April, 1971,
Petrolecum April, 1971,

Apiil, 1971,

Petrolerm.

2. Tachaical and Service Staff :

Mr. A.Z. Dzan. M. Inst. Se. Tech. (London),

M.H.5.. B.K.5. (London).
Mr. Arshad Hussain.
Mr. M. Aslam.
Mr. H. U. Siddiqui.
Mr. Mahmood Ahmad.
Mr. G.E. Bhatti.

Mr. K. Ahmad, B.A_ (Ph.).
Mr. M. Riaz.
Office and Library Stafl.

Laboratory Assistants. ' B
Dirivers. o

Service Staff,

Chiel Technician, July, 1962,

Geological 1llustrator. March, 1966,

Junior Technician. .. June, 1964,
Junior Technician. .. June, 1965;
Draftsman. January, 1967.

Office Assistant. September, 1963,

Library Assistant. August, 1965,

Stenographer. Movember, 1967.

6
9

11 (Summer only).
3

*0On duty lzave at the G:oiogi-cul Institute, Utrﬁ:ﬁt. Holland.
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