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ABSTRACT: Shergarh Sar amphibolites, a part of the southern aml~hibolite belt, are widely 
exposed in the area around Bana in Alhi  Kohistan. Epidote-amphibolite is the m i n  unit 
with scattered patches of garnet-bearing variety. Amphibole, epidote and ,in some, garnet are 
the main phases with minor amount of quartz, phgioclase, clinopyroxene , opaque oxides and 

Amphiboles range in composition from tchermakitic-hornblende to actinolite with 
mgnesio-hurnbknde as an intermediate phase. This transition is marked by decrease in iuAl Ti, 
alkalies and Fe2'/Mg ratio and increase in Si. Epidote occurs as large crystals (both zoned 
and unzoned) with low Ps contents (9-1 5 )  and as small granular aggregates with high Ps 
contents (1 7-27) . Garnet occurs sporadically in the form of po@~hyroblasts and is found in 
association with leucocretic veins. It is chemically unzoned and is predominantly made up of 
alrnadine-grossulm-pyrope solid solution. Plagiockxe ranges from An,, to pure albite and 
clinopyroxene is chemically homogeneous diopside . 

Petrographic observations and thennobarometry suggest that the rocks were initially 
equilibrated under amphibolite fdcies with overprinting of greenschist facies assemblage. This 
retrogression may have been fdcilitated by shearing during the abduction (uplift-cooling) of 
the rocks along the lndus suture following their Eocene collesion with the Indian plate. 

INTRODUCTION 

Amphibolites are the most voluminous rocks 
in the Shergarh Sar area north of Bana town in 
Allai Kohistan (Fig. 1). These am~hibolites are 
considered to be a part of the southern (Ka- 
mila) amphibolite belt of Kohistan ( Jan, 1988). 
This belt of possibly late Jurassic to early 
Cretaceous age is composed mainly of volcanic 
and plutonic precursors with rare siliceous and 
calcareous metasediments (see Jan, 1979). It 
overlies ultramafic rocks and tectonic melange 
d t h d m h s s o t m e ~ o ~ ,  b u f i n i o m e p l G e ~ i t  
thrum over rocks of the Indian plate. 

The Shergarh Sar am~hibolites (Fig. 1) 
are massive to banded and mostly epidote-bear- 

ing, with scattered patches of garnet epidote- 
amphibolites (Shah, 1986; Shah et al., 1992). 
These are characterized by dark-green to light- 
gray colour with linear fabrics defined by segre- 
gations of felsic and mafic minerals. The epi- 
dote-amphibolites are medium- to coarse- 
grained rocks having inequigranular porphy- 
roblastic to subidioblastic texture. Their major 
mineral constituents are hornblende, epidote, 
and quartz. Chlorite, actinolite and ores occur 
as minor constituents, while rutile apatite and 
fa1eit~sacmssor'ks;SmalE-amounts o f p k i g b  
clase and clinopyroxene occur rarely in these 
rocks. Mineralogically, the garnet-bearing epi- 
dote-amphibolites are similar to epidote-am- 
phibolites except for the presence of gamet. 



Fig. 1 Geological map of Shergarh Sar area, Allai Kohistan (after Shah, 1985). 1. Granite gneiss, 2. 
Limestone, 3. Schists, 4. Brecciared zone, 5. Greenschist, 6. Garnet epidore-amphibolites, 7. Epidote- 
arnphibolites, 8. Serpentinite, 9. Peridotite, 10. Clinopyroxenite, 11. Lavas, 12. Overburden. MMT 
= Main Mantle Thrust; MKT = Main Karakoram Thrust. L = location of the area. Solid lines are 
thrust contacts, dashed where inferred. 

Shah (1986) and Shah et al. (1992) de- tholeiitic character. These workers further sug- 
scribed the geochemical characteristics of the gested that plagioclase, clinopyroxene, and oli* 
Shergarh Sar amphibolites and suggested that vine fractionation played a major role in the 
these are derived from basic igneous rocks of evolution of igneous crystallization trend of 



Si 
Fig, 2 Amphiboles from the amphibolites of 

Shergarh sar area on Mg/Mg+Fe vs Si dia- 
gram. Nomenclamre is according to the 
International Mineralogical Association 
(Leake, 1978). A = actinolite, B = ferro- 
actinolite, C = a~tin01iti~-h0mblende, D = 
ferro-actinolitic-hornblende, E = magnesio- 
hornblende, F = ferro-hornblende, G = 
tcherrnakitic-hornblende, H = ferro-tcher- 
rnakitic-hornblende, I = tchermakite, and J 
= ferro-tchermakite. 

these amphibolites. Zahid ( 199 1 ) and 
Hamidullah et al. (199 1)  presented 
mineralogical constraints of similar amphibolit es 
from Gantar area, further eastward of the stud- 
ied amphibolites. This paper presents the results 
of mineral-chemical investigations of the 
Shergarh Sar amphibolites; the main objective 
is to define the metamorphic history and its 
effect on the chemical and optical properties of 
index minerals. 

MINERAL CHEMISTRY 

The mineral phases in the amphibolites of the 
Shergar Sar area have been analyzed using the 
Cameca SX-50 electron microprobe at the 
University of South Carolina, Columbia. The 
operation conditions were 15 Kv accelerating 
potential and beam current of 25 nA. Natural 
and synthetic standards were used, with count- 
ing times of 20-30 seconds for each element. 
Three main mineral phases (i.e., amphibole, 
epidote and garnet) along with minor phases 
(i-e., plagioclase and pyroxene) were analyzed 
in selected samples in order to find out the 

variation in element abundance and change in 
color caused by metamorphic changes. 

Amphiboles 
On the basis of colour and pleochroism, the 
amphiboles are distinguishable into three va- 
rieties: (1) green to dark green, (2) blue-green 
to green, and (3) colorless to green. These have 
the following disposition in different rocks: 

'entire grain made up either of (1), (2) or, rarely 
(3); zoned grains with cores of (1) and margins 
of ( 2 ) ,  cores of (2) and margins of (3), and 
cores of ( I ) ,  middle zone of (2) and margins of 
(3). At places the amphiboles are also rimed 
around the clinopyroxene. Textural evidence 
suggests that the dark green (locally olive) type 
has formed at peak metamorphic conditions, 
and the colourless to green variety during 
retrograde greenschist facies metamorphism with 
the transitional bluish green type probably 
during waning stages of epidote amphibolite 
facies metamorphism. Similar textural features 
are also observed further east of Shergarh Sar 
by Zahid (1991), Hamidullah et al. (1991) in 
the amphibolites of Gantar area. 

Microprobe analyses of ten grains in six 
representative amphibolites are listed in Table 
1. Total iron, determined as FeO, was parti- 
tioned into Fe20, and FeO, assuming the total 
number of cations (Ca+Na+K) = 13, on 23 
( 0 )  basis (Laired & Albee, 1981). All the 
analyses are calcic with Ca  atoms in excess of 
1.5 in half unit cell. According to IMA no- 
menclature (Leake, 1978), the dark green am- 
phibole classifies as tchermakitic-hornblende, 
the bluish green as magnesio-horblende, and 
the colorless to green pleochroic as actinolite. 
The transition from tchermakitic hornblende 
to actinolite is marked, in addition to fall in 
"A1 and increase in Si, by decrease in "Al, Ti, 
alkalies, A-site occupancy and Fez+/ Mg ratios. 
These changes are suggestive of lowering tern- 
perature (Liou et al., 1974; Laird & Albee, 1981; 



TABLE 1. CWEMICAL ANALYSES AND STRUCTURAL FORMULAE OF AMFHIBOLES FROM SHERGARH S A R  AMPHI- 
BOLITES . 

-- 

Sample No Alk46A Alk40 A M 3  AZk21 Alk33 Alk 8 Alk 92A Alk 92A Alk33 Alk40 
Grain No 1 2 3 4 5 6 7 8 9 10 

Core Rim Core Rim Core Rim Core Rim Core Rim Core Rim Core Rim Core Rim Core Rim Core 

SiO, 

TiO, 

A1203 

FeO 
m 
t 4  

MnO 

MgO 

CaO 

Na,O 

v 
C1 

TOTAL 



Table 1 continued 

Cations on 23 (0) basis 

Site C 

Site B 

Site A 

1-4 = Unzoned green to dark green hornblende with brownish tint. 

5&6 = Zoned hornblende having green core and bluish green rim. 

7 = Unzoned bluish green hornblende. 

8 = Zoned bluish green hornblende with marginal actinolite. 

9&10 = Actinolites. 



Spear, 198 1; Jan & Howie, 1982) and confirm 
the petrographic observations. 

Complex substitutions in the composition 
of the amphiboles were studied graphically by 
plotting the analyses in various ways. Figure 3 
shows the position of several amphibole end 
members on '"A1 vs "'A1 + 2Ti + Fe3+ diagram. 

The amphibole analyses plot along a well-de- 
fined trend and clearly show substantial tcher- 
makite and subordinate glaucophane substitu- 
tion horn actinolite to tchermakitic-hornblende. 
A similar picture emerges when the analyses 
are plotted on (Na), vs A1 + 2Ti +Fe3+ diagram 
(Fig. 3). In Figure 4 the analyses are plotted in 
terms of A-site vacancy-AP-Al" component&-., 
Again a substantial tchermakitic substitution 

CUM f 

Fig. 4 Composition of the analysed amphiboles in 
terms of "Al, "A1 and A site vacancy 
.(adapted from Blundy and Holland, 1990). 

Enidote 
and minor edenitic substitution from actinolite 
to tchermakitic-horblende, resulting in a trend 
towards pargasite, are observed. 
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Epidote occurs in two habits: (a) as long subhe- 
dral to anhedral grains up to 4x2 mm in size, 

..and (b) as small granular aggregates with bright 
interference colors. The type "a" epidote crys- 
tals are weakly zoned with cores displaying an 
anomalous bluish gray interference color and 
margins showing normal gray to yellow inter- 
.ference color. In some cases an additional highly 
birefringent rim of type "b" epidote surrounds 
the type "a" epidote. The type "a" epidote oc- 

-curs in close association with hornblende and 
both minerals are commonly intergrown. In the 
banded epidote-amphibolites, the dark bands 
consist of type "a" epidote and hornblende, 
whereas the white bands generally contain 
quartz and feldspar. In such rocks, the type "a" 
epidote may occur as "augen porphyroblasts" 
surrounded by relatively finer grains of prismatic 
hornblende. 

o,o *EM , , , l 1  * , ,  * WIN I I 
, GUU Chemical composition of both the varie- 

0.0 1.0 2.0 ties of epidote are given in Table 2. It is clear 
A 1 + 2 T i + ~ d ~  from this table that the change in interference 

' Fig, 3 Plots of. i v ~ i  and fia, + i~~ + +e3+ for 'zdour reflects the change in chemist7 (espe- 
analysed amphiboles, together wi& & Po- cially iron contents) in these epidotes. The 
sitions of some amphibole end members. bluish gray cores of the type "a" epidotes are 



TABLE 2. CHEMICAL COMPOSITION AND STRUCTURAL FORMULAE OF TYPE "A" AND TYPE "B" EPIDOTES FROM 
SHERGARH SAR AMPHIeOLITES. 

Sample Nod Alk46A Alk92A Alk33 Alk8 Alk33 Alk8 Alk46A Alk37 
Grain Nos I 1 2 3 4 5 6 7 8 

SiO, I 38.52 37.64 
TiO, ) 0.09 0.17 

M2•‹, 1 29.85 27.85 

Fezo, 1 5.02 7.94 
MnO 1 0.02 0.07 
CaO I 23.84 23.31 
TOTAL I 97.34 96.98 

Cation on 131 (0,OH) basis 
Si 1 3.11 3.08 
"A1 I 0.00 0.00 
viM I 2.84 2.68 

I 

1 &2 Zoned type "ay' epidote. 
3&4 = Unzoned type '21'' epidote. 
5,6,?&8 = Type "b" epidote. 
Ps = Pistacite contents. 
B = Blue, Y = Ydlow in crossed polars 



compositionally Al-epidotes (Holdaways, 197 2) 
with pistacite contents [Ps = 100 Fe3+l(Fe3++Al)] 
of 9.5 to 14.5. These epidotes are considered to 
be stable at epidote-amphibolitelamphibolite 
facies conditions attained by the host rock. The 
rims are yellow in color with epidote composi- 
tions having a Ps content greater than 15. This 
zoning can be attributed to retrogressive r?eta- 
morphism (see Miyashiro & Seki, 1958) and is 
observed only in the large crystals (2-4 mm in 
size) of type "a" epidote. The smaller type "a" 
epidote grains ( ~ 2 m m  in size) are unzoned and 
match well the rims of the zoned epidotes in 
interference colour and composition. The type 
"b" epidotes occur as fine-grained granular ag- 
gregates. They have greater iron contents (Ps = 

17-27) and range from Al-epidotes to Fe-epi- 
dotes. Such compositions are typical of green- 
schist metamorphism (Holdaway, 1966; Coo- 
per, 1972) and are considered here to imply 
lower equilibration temperatures than the type 
"a" epidote. The type "b" epidotes also have 
higher contents of MnO than the type "a" epi- 
dotes. 

The abundant epidote in the Shergarh 
Sar amphibolites appears to reflect the calcium- 
rich nature of the parent rock. Its occurrence is 
attributed to the release of Ca (mainly from 
calcic- plagioclase) during the regional meta- 
morphism of epidote-amphibolite facies condi- 
tions, which is supported by the presence of 

! albite in the rock. The attainment of the large 
size of these epidote grains may suggest the 
prevalence of these conditions for a consider- 
able time or rapid reaction velocities. 

Garnet 
The occurrence of gamet in the e~idote-am- 
phibolites of the area is sporadic. It is generally 
confined to those places where leucocratic veins 
and bands are prominent. The gamet commonly 
forms porphyroblasts up to 6 cm across. I t  is 
colourless to pinkish in thin section, and usu- 

ally found along the contact of hornblende and 
type "a" epidote. These features suggest hat 
the garnet may have formed at the expense of 
hornblende and type "a" epidote. Quam Sur- 
rounding garnet crystals and occupying mi. 
croveins, diverging from reaction spots, is 

especially common. 

Five grains in different samples were aria. 

lyzed from core to rim and the analyses are pre- 
sented in Table 3.  The structural formulae, re- 
calculated o n  the basis of 24 oxygens, closely 
correspond to the ideal formula X2+3Y3+,~3~,,+ 
No distinct variation in chemical composition 
is present from core to margin in single grain 
analyses. However, different grains display no. 
ticeable variation in Fe, Mg, Mn, and Ca within 
a thin section. The  lack of zoning in garnet in 
these rocks suggests that it may have escaped 
retrogressive metamorphism, however, variation 
from grain to grain within the domain of a thin 
section suggests local equilibration. The garnet 
is predominantly made up of almandine com- 
ponent with substantial pyrope and grossular 
solid-solut ion ( Aim,, Pyrw, Gros,,,,). These 
compositions are broadly within the range of 
previous analyses from amphibolite belt dis- 
cussed by Jan and Howie (1987), except for the 
rather low grossular + andradite contents of the 
analyses in sample Alk 49A. The average CaO 
(8wt.%) is within the range of garnet from 
metabasites of medium to  high pressure 
(Miyashiro, 1973). 

All the analyses (core to rim) have been 
.plotted o n  t h e  pyrope-(almandine + sp- 
essertine) - (grossular + andradite) triangular 
diagram (Fig. 5) of Dobretsov e t  al. (1972). Four 
of the analyses plot within the overlapping field 
of eclogite and granulites while the rest of the 
analyses   lot in the amphibolite garnet field. 
No  analysis falls in the field of garnet from epi- 
dote-amphibolites. 

The development of sporadic gamet in 
amphibolites has been attributed to variation 



TABLE 3. CHEMICAL COMPOSITION AND STRUCTURAL FORMULAE OF GARNET FROM SHERGARH SAR AMPHI- 
BOLITES 

Sample No. Alk8 
Grain N 1 

Core Rim 

SIO, 
Ti 0, 

CrO, 
Fe203 
FeO 
MnO 
MgO 
CaO 
TOTAL 

Cations on the 24 (0) basis 
S i 6.00 6.00 
A1 0.00 0.00 
A1 3.93 3.93 
Ti 0.00 0.02 
Cr 0.00 0.00 
Fe3+ 0.06 0.05 
Fe'" 3.50 3.41 
Mn 0.20 0.19 
Mg 0.93 0.99 
Ca 1.37 1.40 

Core 

38.71 
0.06 

21.80 
0.00 
0.32 

22.39 
0.46 
6.46 
9.78 

99.98 

5.97 
0.03 
3.96 
0.01 
0.00 
0.04 
2.89 
0.06 
1.48 
1.62 

47.78 
24.57 
25.65 
0.98 
1.02 

Rim Core Rim Core Rim Core Rim 



Fig. 5 Garnet of the garnet epidote-amphibolites 
from Shergarh Sar area on Pyrope-(Grossu- 
lar + Andredite)-(Almandine I- Spesertine) 
triangle showing the fields of garnet from 
(1) eclogites, (2) granulites, (3) amphibolites, 
and (4) epidote-amphibolites (after Dobret- 
sove et al., 1972). 

in bulk chemistry and/or changes in tempera- 
ture and pressure (Engel & Engel, 1962; Leake, 
1963; Buddington, 1966; Dewaard, 1967; Manna 
& Sen, 1974; Jan, 1988). There can be various 
causes of garnet growth in amphibolites 
currently studied: (1) low MglFe2+ ratio (see also 
Jan, 1988), (2) low Fe,O,FeO ratio and (3) 
local increase in temperature due to the 
intrusion of leucocretic veins. 

Plagioclase 

Plagioclase is generally sparse, having been re- 
placed almost completely by type "a" epidote. 
When present, it is cloudy due to subsequent 
alteration. Analyses of two grains in two differ- 
ent samples are unzoned (Table 4). In one of 
these, the plagioclase is pure albite (An,) while 
in the other it is more calcic (An2,) and is 
closely associated with bluish-green amphibole. 
It is possible that the former has grown in 
greenschist facies retrogression and the latter 
during epidote-amphibolit e facies condition. 

Clinopyroxene 
Found only in a few rocks, the clinopyroxene 
varies from minor in amount up to 30% in rare 

cases. It most commonly occurs as cores within 
large blue-green hornblende, but is also found 
as small interstitial grains, along with quartz, 
magnetite and rude. 

Analyses of four clinopyroxenes presented 
in Table 5 show that they are diopsidic 

(WO,,,, En,,, Fs3.,J- The core to rim analyses 
suggest that they are very homogeneous in na- 
ture. The clinopyroxene can be divided into 
two groups. Those of sample Alk40 and Alk92~ 
are normal diopsides whilst those in Alk.33 are 
strongly aluminous (A1203 UP to 7.07%) and 
enriched in Ca. The former have lower TiO, 
and higher FeO, MnO, and Na,O. Several 
workers (e.g. Jan, 1988) have shown that the 
growth of clinopyroxene in amphibolites can 
be controlled by bulk composition (notably high 
c ~ O )  and temperature. In Shergarh Sar area, 
there does not appear any compositional control 
on its growth. It is likely that the clinopyroxene 
grow locally in response to high temperature. 

DISCUSSION 

Petrographic observation, supplemented by 
mineral chemistry suggest that the Shergarh sar 
amphibolites passed through a thermal history 
of amphibolite to greenschist facies metamor- 
phism. The paragenesis representing the peak 
metamorphic conditions realised in the area is 
well-preserved and abundant in most of the 
rocks. This consists of green tchermakitic 
hornblende and Al-epidote , with or without 
garnet and clinopyroxene. Garnet-hornblende 
geothermometry (estimates for average 
composition in three samples) suggests tem- 
peratures of 600 to 650•‹C following the model 
of Perchuk (1967 ) and 685 to 7 15•‹C following 
Powell ( 19 85 ) . A clinopyroxene-hornblende 
pair gives a temperature of 670•‹C (Perchuk, 
1967). Maximum temperature in excess of 
650•‹C are consistent with the presence of local 
granitic bands and veins which may be a ~aflial 



TABLE 4. CHEMICAL ANALYSES AND STRUCTURAL FORMULAE OF FELDSPAR 
FROM SHERGARH SAR AMPHIBOLITES 

Sample NO Alk2 1 Alk92A 

Core Rim Core Rim 

SiO, 67.39 65.82 63.17 61.84 

21.12 2 1.36 25.13 24.72 

MgO 0.0 1 0.04 0.00 0.00 

CaO 0.30 0.68 5.18 5.20 

MnO 0.00 0.02 0.0 1 0.00 

FeO 0.29 0.92 0.03 0.02 

BaO 0.00 

Na, 0 9.76 

520 0.05 

TOTAL 98.92 

Cation on 8 (0) basis 

Si 2.96 

A1 1.09 



TABLE 5. CHEMICAL ANALYSES AND STRUC'I'URAL FORMULAE OF PYROXENE 
FROM SHERGARH SAR AMPHmOLmS. 

S. No Alk40 Alk92A Alk33 Alk33 

Core Rim Core Rim Core Rim Core Rim - 
sio, 50.75 49.69 50.46 50.17 47.68 47.56 47.08 47.33 

TiO, 0.25 0.35 0.23 0.3 1 0.50 0.5 1 0.59 0.60 

Al,O, 3.58 3.75 3.4 1 3.63 6.85 6.66 7.07 6.87 

Cr,O, 0.06 0.04 0.04 0.00 0.02 0.01 0.00 0.03 

Fe,O,, 2.90 3.24 2.62 2.9 1 3.66 4.18 4.45 3.90 

FeO 7.22 7.06 7.70 7.41 2.53 2.1 1 2.08 2.57 

MnO 0.24 0.29 0.32 0.30 0.08 0.06 0.08 0.08 

MgO 12.22 12.07 12.26 12.07 12.86 12.91 12.70 12.76 

CaO 22.45 21.74 21.55 21.90 24.7 3 24.90 24.81 24.55 

N%O 0.62 - 0.65 0.66 0.64 0.05 0.05 0.06 0.06 

TOTAL100.29 98.88 99.25 99,34 98.96 98.95 98.92 98.74 

Cations on 6 (0) basis 



melting product of the amphibolite (cf. Whyl- 
lie, 1977). Such temperature have already been 
recorded from the amphibolite belt in Swat and 
dacen t  Indus valley (Bard, 1983; Jan, 1988). 
However, a lower temperature range (500- 
530•‹C) is reported for the similar rocks at Gantar 
area of Allai Kohistan (see Hamidullah et al., 
1991; Zahid, 1991). 

The transition from amphibolite to 
greenschist facies metamorphic conditions in 
the rocks is documented by the overgrowths of 
bluish-green magnesio-hornblende on the tch- 
errnakitic hornblende and more ferric epidote 
around the Al-epidote. These appear to have 
grown at intermediate temperatures. The com- 

jacent calcic-oligoclase yield a temperature es- 
timate of about 520 "C both by the model of 
Spear (1980) and P lyusnina (1982). Overprinted 
on these paragenesis in most rocks is typical 
greenschist facies assemblage consisting of acti- 
nolite, Fe-epidote, albite and local chlorite. The 
former two of these minerals occur in inde- 
pendent grains and as outer most zones around 
hornblende and Fe4poorer epidote, respectively. 

Quantitative estimates of operating pres- 
sures during the metamorphic evolution of the 
rocks have not been obtained, however, there 
are indications that these may have been high. 
Laird and Albee (1981, Fig. 8) showed that 
amphiboles from low-, medium- and high-pres- 
sure metamorphic terrains plot in distinct fields 
on ivAl vs "A1 + Ti + Fe3 + diagram. The horn- 
blendic amphiboles from the area fall in over- 
lapping fields of medium and high-pressure 
fields. The plagioclase-hornblende thermobar- 
ometer of Plyusnina (1982) suggests a pressure 
of 5 kb for the one anal~sed pair referred to 
above. The iVA1 vs "A1 plots of the hornblendic 
amphiboles (Fig. 6) suggest pressure in excess 
of 5 kb. The "garnet-epido te" thermobarome- 
ters of Dobretsov et al. (1972) gives rough esti- 

position of a magnesio-hornblende and an ad- 

PARG mTSCH GLAU @ 

IGNEOUS 
Ca-AMPHIBOLES 

Fig. 6 Relationship of "'A1 to '"A1 in the analysed 
amphiboles. D limit is after Doolan et al. 
(1978) and L limit is after Leake, (1971). 
Fields of igneous Ca-amphiboles and the 
boundary of high and low pressure Ca-am- 
phiboles are after Fleet and Barnett (1978). 

mates of 690•‹C and 6.2 kb for epidote with Ps 
contents of 15. Pressure in excess of 5 kb have 
already been suggested for peak metamorphism 
in the amphibolite belt (Bard, 1982; Jan, 1988, 

Treloar et al., 1989). 

Radiometric data suggest that metamor- 
phism in southern Kohistan coincides with col- 
lision and overthrusting of Karakoram plate onto 
the Kohistan magmatic arc. The entire amphi- 
bolite belt is a major shear zone (Treloar e t  at., 
1989, 1990). The amphibolite facies metamor- 
phism, thus, occurred in response to  thrust 
stacking and crustal thickning. T h e  initial 
suturing (collision) of the Kohistan magmatic 
arc with the Indian plate is considered to have 
taken place during the Eoceine (Patriate & 
Achache, 1984; Treloar et al., 1989). The uplift 
and cooling of the amphibolite belt occurred, 
probably, during ensuring obduction of thy 



Kohistan arc and its emplacement onto the 
Indian plate. During this episode of uplift- 
cooling, overprinting of lower grade assemblages 
took place along grain boundaries. T h e  process 
was enhanced  along shear zones d u e  t o  
granulation and availability of fluids, mainly 
H,O. The  Shergarh Sar amphibolites nicely 
document these events. I t  would be fruitful to 
perform additional work on  the mineral chem- 
istry and radiometric ages to construct a P-T 
path for the rocks, beginning with their basaltic 
and gabbroic protoliths. Jan (1988) and Ha- 
midullah et al. (1990, 1991) have reported 
several gabbroic relics in the amphibolites of 
Indus, Swat and Allai Kohistan valleys, and a 
careful search may also reveal such relics in  the 
area under discussion. 
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