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q p , s T R A C T : Petrography and minerachemical features of a hornblende andesite from Gira
Khwar, northeast of Dir proper, are studied to envisage the crystallization mode of hombkn& phenocrysts, in the rock. It is determined that the cores of the hornblende phenocrysts
a,-e wmmy igneous. O n the other hand the bluish green rims of these phenocrysts and
the groundmas hornbknde are a product of subsolidus re-equilibration and or
m e t d m ~ ~ h irecrytallization.
~
The very tips of the hornblende phenocrysts appear to have
ecrys tullized during shearing and cataclasis at a latter stage.
INTRODUCTION
\ b l c a n i c rocks at Dir and its surrounding (Fig. 1)
to be an extension of the Utror
voLc-ics
of Late Cretaceous age in Upper Swat.
ese v o l c a n i c s are part of the Kohistan island
a r c system. A number of papers have been
Fublished on the various aspects of these volc a n i c ~in t h e recent years (Majid & Paracha
1 980, H a m i d u l l a h et al., 1990; Hamidullah &
tot, 1992; Suliivan, et al., 1993; Hamidulah, 1993; S h a h et al., 1993;). Rock types inc lude basalts, basaltic andesite, andesite, dacite
lire, ignimberite, agglomerate and tuffs.
s e rocks are generally a ~ h y r i c but
, sparsely
orrtain euhedral to subhedral phenocrysts of
Pyroxene, pLgioclase and hornblende (Hamidu l l a h & a s t o t , 1992). Regarding the presence
of chlorite, e ~ i d o t eand secondary hornblende
'he p r e v a i l e n c e of metamorphism up to green
whist facies has been identified by the previous
rkers ( M a j i d & Paracha, 1979; Shah
midullah, 1994).
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primary amphibole if not rare, is also not
Common phase in volcanic rocks. Those vol-

canic rocks containing amphibole, develop them
mostly due to subsolidus changes and metamorphic recrystallization of ferromagnesiam minerals. Nevertheless, limited occurrence of amphibole bearing rocks have been reported from
many volcanic suites of the world. When ever
reported, however, such amphiboles are subject
to debate for their mode of crystallization. In
this paper similar amphiboles from a hornblende
andesite of Dir volcanics (western part of DirUtror volcanics; Fig.1) have been reported.
Petrography and mineral chemistry are utilized
to establish the mode of crystallization of various amphiboles in this rock.
PETROGRAPHY
Hornblende andesite from Gira Khwar, northeast of Dir proper (Fig. 1) is locally carbonated
but fresh sections are also common. A fresh
sample (LR14) collected from one of the outcrops contains hornblende and plagioclase as
phendcrysts, in a groundmass of hornblende,
plagioclase, magnetite, quartz and K-feldspar,
Minute grains of epidote (?) or sphene (?) may

occur in association with hornblende in the
The hornblende phenocrysts are both
stumpy and prismatic in shape and subhedral to
anhedral in outlines. Their diameters vary from
lx0.4cm to 0.15x0.15cm. In the plane-polarized light these phenocrysts generally look nonpleochroic dark brown and black. In certain
domains however, they t u m light brown and
even colourless, but still remain non-pleochroic.
The phenocrysts are mostly corroded along
margins parallel to the long axes. Also these
phenocrysts have developed pleochroic green
to bluish green amphibole in the form of very
thin strips along the corroded margins and as
thicker stirps, towards their tips of long axes.
The thicker strips are ocassoionally complemented by bluish green amphibole laths at the
very tips of long axes (Fig.2).
The plagioclase phenocrysts show a
greater variation in shape from perfectly euhedral to completely anhedral, highly corroded
and resorbed crystals. Their diameters range
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between 0.6x0.3cm and 0.4x0.3cm but even
smaller grains are not uncommon. These phenocrysts are partially sericitized and have a n
An% of 94 at cores and 25 at margins. Minute
magnetite grains and exalved orthoclase occur
in these phenocrysts.
The ground mass contains small acicular
and prismatic crystals of hornblende, plagioclase
and magnetite with interstitial orthoclase and
quartz. The hornblende and plagioclase crystals
are generally <0.2x0.05 mm in diameters,
indicating a considerable contrast (> 1 5 0 ) with
phenocrysts o n the basis of grain size. T h e
hornblende in the groundmass is pleochroic
from green to bluish green and is comparable
to the margins of the hornblende phenocrysts
in this regard. The groundmass generally look
sheared, showing the development of a fabric
around phenocrysts. I n this fabric the growth
of the groundmass hornblende crystals seems to
have followed the outlines of the
corroded, slightly rotated and/or truncated phenocrysts. Locally however,
of
phenocrysts + groundmass have escaped
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Fig. 2. Positions of analysed spots shown on hornblende crystals A & B from hornblende andesire at

Dir.

shearing. In such domains phenocrysts are
euhedral and the groundmass lack any fabric.
CHEMISTRY OF AMPHIBOLES
Core to margin spot analyses were carried out
on two large homblende phenocrysts shown in
Figure 2. Spots were also analyzed on groundmass hornblende. Analytical procedures have
already been published by Hamidullah and
Onstot (1992) and also in this volume by
Hamidullah (1993a). Formulea were calculated
on the basis of 23 oxygens. Ferric-ferrous ratios
were fixed using both the 13 cations (excluding
K, Na & Ca; minimum) and 15 cations (excluding K & Na; maximum) procedures of
Robinson et al. (1982). The mean of both sets
of data were taken as the best estimates (see
Droop, 1987; Schumacher, 1991). Analyses with
totals ~ 9 5 %were discarded leaving behind 65
analyses of the phenocrysts and 2 of the
groundmass amphiboles shown in Table 1.
These data show a perfect charge balance in
Figure 3a. All the analyses have (Ca+Na),
>1.34 and Na, ~ 0 . 6 7and are therefore
distinguished as calcic amphibole. W h e n
classified further on the basis of (K+Na),, Ti,
Fe3+ and "A1 cations according to the IUGS
scheme (Leake, 1978), these amphiboles fall in
the fields of magnesio-hastingsite, pargasite,
farroan-~ar~asitic
hornblende, tschermakite,
tschermakitic hornblende and magnesio
hornblende. Four analyses which deviate from
the general trend, express a compositional gap
with the rest of the data and fall in the field of
mapesio-hornblende but closer to the field of
actinolitic homblende in Figure 3b, were taken
at the bluish green very tips of the hornblende
phenocrysts (Figs3 b, d). In the phenocrysts
high tscherrnakitic and edinitic components
correspond t o their cores and margins,
respectively (see Figs. 2, 3; Table 1). The distribution of data on the basis of (K + Na),

indicate an edinitic substitution which is typical
of igneous hornblende (Helz, 1982). This is also
supported by the positive correlation of 'vAIwith
A-site (Fig. 4a). 0ther igneous substitutions
noticed are Ti-tschermakitic (i.e. Mg + 2si =
Ti+ZiVAl)and a relatively weaker tschemakitic
one, in the phenocrysts
(i.e. Si+Mg=ivA1+viAl)
(see Figs.4 b, c). O n the Ca+Na+K vs Si plot
of Leake (197 1) most of the data fall well below
the "limit line of igneous amphibole" indicating
igneous characters. The data from the very tips
of phenocrysts however, display a difference by
lying relatively closer to the limit line than the
rest of data (Fig. 5a). O n the other hand, the
very tips data, one groundmass analysis, six out
of seven of the bluish green rims and a few core
analyses of tschermakitic hornblende, magnesio
hornblende and ferroan-pargasitic hornblende
compositions, taken on the phenocrysts (Fig. 2,
3b, c) fall in the field of metamorphic amphibole
on the "A1 vs '"A1 plot of Fleet and Barnett
(1978; Fig. 5a). But on this diagram most of
the data from t h e dark brown and black
phenocrysts show igneous characters.

P-T ESTIMATES
Hornblende has been found as a stable phase in
andesitic and basaltic andesitic melts at pressure and temperature ranges of 5- 18kb and 960.
880•‹C,respectively (see Helz, 1982).Well calibrated geotherrnometers and geobarometers are
not available for igneous calcic amphibole from
basaltic and andesitic rocks. The Ti and A1
content of hornblendes are so far considered to
be varying positively with the temperature and
pressure of crystallization, respectively (Helz,
1982). Comparing the trends of basaltic hornblende~from experimental work of Helz (1982)
and the maximum T i contents of a tschermakitic composition from the data under present investigation (0.294; Table 1 analysis
HB76), it is suggested that homblende in the
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Fig. 3

(a) Charge balance equation plot of the hornblende analyses from Dir. (b-d) Hontblende compositions from Dit shown on the classification
diagrams of Leake (1978). Symbols: Cystal A:v = dark core, + = green rim,. = very tip; Crystal B:o= dark core, x= green rim; O = groundmass.

TABLE 1. AMPHIBOLE COMPOSITIONS FROM HORNBLENDE ANDESITE AT DIR. S. NOS REFER TO SPOTS ANALYSED
ON CRYSTAU SHOWN IN FIGURE 2.

S. nos->
SiO,
Ti0,
4 0 3

Fez03
FeO
MnO
MgO
CaO

N?P

KLo

Cr203

ul

Total

0

Si
Ti
A1
Fe3+
Fe2+
Mn

Mg
Ca
Na
K

Cr

ivAl
viAl

C-Site
A-Site

N".

HB1

HB2

HB3

HB5

HB7

HB8

HB9

HBlO

HI311

HB12

HB13

HB14

HB15

Table 1 continued
I

S. nos->

SiO,
TiO,
40,
Fe203

FeO
MnO
MgO
CaO
N%O
%O
CrP3
Total
1/1

+

Si
Ti
A1

Fe3'
Fez+

Mn
Mg
Ca
Na

K
Cr
'"A1
~ A l
C-Site
A-Site

N%

HB16

HB17

HB19

HB20

HB2l

HI322

HB23

HB26

HB27

HB29

HB30

HB32

HB34

Table 1 continued

SiO,
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4

0
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FeO
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%O
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W

Si
Ti
A1
Fe3+
Fe2+
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K
Cr
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vifi

C-Site
A-Site
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Table 1 continued

S. nos->
SiO,

Ti0,
*'z03

Fe203
FeO
MnO
MgO
CaO
N%O

'so

CrP3
Total
wl
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Si
Ti
Al
Fe3+
Fez+
Mn
Mg
Ca
Na

K
Cr
ivM
"A1
C-Site

A-Site
N%

HB89

HB90

HI391

HB93

HB94

HB97

HI398

HB99 HBlOO HBlOl

HB103 HI3104 HB107
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Fig. 5. (a) Ca+Na+K vs Si and (L)"A1 vs "'A1 discrimination plots of hornblende from Dir.

rysts as well as analyses from the groundmass
hornblende have T i content ~ 0 . 1 indicating
,
crystallization below 700•‹C.
Fig. 4 (a) Edinitic ('"A1 vs A-site), (b)Ti-tschere
makitic (Ti+2IvA1 vs Mg+2Si ) and
(c) tscherrnakitic ('vA1+ViAl
vs Mg+Si)
substituion plots of the hornblende analyses
from Dir.

studied rocks appeared on the liquidus in a
temperature range of 915-880•‹C(Fig. 6a). Majority of the data from the brown and dark portions of the phenocrysts have T i >0.1, indicating crystallization above 700•‹C. The bluish
green margins and the very tips of the phenoc-

Hammorson and Zen (1986) and Hollistor et al, (1987) defined geobarometers for igneous hornblendes from calcalkaline plutons
which were latter o n refined by Johnson and
Rutherford ( 1989). This geoberometer when
applied to the current data showed a systematic
decrease in pressure (8-4kb) from core to margins of the phenocrysts (except for the very
tips) on a P vs Ti plot. The very rips of the
phenocrysts, however, reflect pressure condition
of 3 4 lkb; estimates rather lowerer than those
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Fig. 6. P-T estimates for Dir hornblende using (a)
Ti vs T•‹C trends of Helz (1982) for temperature determination and (b) the equation
(P = 4.23 'A1-3.46) of Johnsen and Kutherford (1989) for pressure determination.

reflected for the groundmass data (-4.5 kb;
Fig. 6b). These estimates may be considered
tentative because we do not have the evidence
for the required coexisting phases (i.e. quartz,
plagioclase, biotite, orthoclase, titanite and
magnetite) with hornblende in the melt. Nevertheless, the systematic decrease of the estimated pressure from core to margins and the
positive correlation between Ti and A1 in general indicate decreasing P-T environments during the growth of the phenocrysts. It is also
evident from these estimates and other diagrams
that the very tips of the hornblende phenocrysts crystallized in a different set of PeT environment than those of the phenocrysts and
groundmass.

DISCUSSION
The petrography and mineral chemistry of the
hornblende andesite indicate that the cores of
homblende and plagioclase p h e n o ~ ~ sreprets
sent primary igneous crystallization of volcanic
origin. The existence of both phenocrysts and
groundmass, the tremendous contrast between
the two on the basis of grain diameters (1:50 in
hornblendes), the euhedral to subhedral shapes
of the phenocrysts and the numerous signatures
of igneous parentage in the chemistry of hornblende phenocrysts, (particularly the dark brown
and black cores chemistry) are consistent with
such interpretation. This is also in accordance
with the age spectrum obtained for these hornblende~phenocrysts o n the basis of 40Ar/39Ar
techniques; with the cores yielding a plateau
date of 7CM9.0 Ma and rims reflecting a disturbed spectrum (see Hamidullah & Onstot
1992). O n the other hand the development of
a fabric in the groundmass following the outlines of the phenocrysts, the corroded, rotated
or truncated phenocrysts of both homblende
and plagioclase indicate shearing and cataclasis. This shearing and cataclasis have so f$r not
compEetely obliterated the major textural features of the rock, i.e. the phenocryst-groundmass relationship. As mentioned earlier various
domains of the rock have completely escaped
cataclasis and in these domains phenocrysts
remain euhedral and the groundmass lack any
fabric. Such domains are of vital significance
for retaining igneous characteristics. These
domains also contain hornblende in the
groundmass. Therefore, it appears that the
hornblende in the groundmass crystallized before
the rock was subjected to cataclasis. This interpretation is in line with the lowerer estimates
of pressure obtained o n the very tips of the
hornblende phenocr~stsas compared to those
on the groundmass hornblende and the bluish
green rims of the phenocrysts. The f0rn-m

probably represent growth during shearing and
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