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ABSTRACT: Tholeiitic and calcalkline afini ties are reflected by two different sets ofrock from 
the Wazirismn island arc in 22 major element rock adyses  . Previously published clinopyroxene 
anlyses are used for comparison. The data confims the en'stance of a fossil island arc in 
Wazjris tan. 

INTRODUCTION 

The Waziristan igneous complex of possible 
early to late Cretaceous age is located in western 

Waziristan (Fig. 1 ; Ahmed & Hamidullah, 1987; 
Beck et al., 1992). It covers an area of >500 
km2. Preliminary studies of the complex were 
carried out in past by Khan et al., (1982), 
Badshah (1985) and Jan et al. (1983, 1985). 
Rock types identified are ultramafic masses 
(dunite, pyroxenite, serpentinized peridotite), 
mafic to intermediate intrusives (gabbro, 
do!erite, diorite) and basic to acidic extrusives 
(pillow basalt, andesite, dacite, rhyolite, 
agglomerate and tuff). Copper mineralization is 
associated with volcanic rocks. Jurrasic ( 1 )  to 
Cretacious and Early Tertiary sequences are 
associated with, and Quaternary deposits par- 
tialy cover, the complex (see Ahmed & Ha- 
midullah, 1987). Earlier, due to the presence of 
ultramafic and mafic cumulate rocks, the com- 
plex was labelled as an ophiolite complex 
(Asrarullah et al., 1979; Khan et al., 1982; Shah, 
1984; Badshah, 1985; Jan et al., 1985). On  the 
bases of local field observations some workers 
considered it to be a product of simple obduc- 
tion and crustal shortening with little or no 
subduction related magmatism (M.I.Afridi, 
FATA D.C., personal commun.). Realizing the 
significance of andesites, dacites, rhyolites, tuffs 

and agglomerates and associated copper miner- 
alization and using clinopyroxene chemistry for 
affinity discremination, Ahmed and Hamidul- 
lah (1987) registered it as an island arc se- 
quence. Latter, investigating the detail strati- 
graphy, Beck et al. (1992) confirmed its status 
as an intra-oceanic arc with eruptions through 
fragments of continental crust with in this arc. 
The present study represents whole rock chem- 
istry of various rock types from the Shinkai and 
Degan areas of the complex (Fig.2) in oder to 
varify their magmatic characters. Clinopyrox- 
ene data of Ahrned and Hamidullah (1987) 
have also been reprocessed and used for com- 
parison. 

ROCK CHEMISTRY 

Twenty two whole rock analyses of major cle- 
rnents (Table 1) show Si02  variation from 37.25 
wt.% in ultramafic rocks (D27) to 69.88 wt.% 
in the rhyolite (D2O). Alkali vs SiO, plot re- 
flects two distinct groups of rocks (Fig.3a): 

(i) A high-alkali (Na) group containing only 
certain volcanics confined to the field of cal- 
calkaline rocks and one altered volcanic that 
fall in the field mildly alkaline rocks. Accord- 
ing to classification of Cox et al. (1979), these 
rocks are basalts, andesi tes, dacits and rhyolites. 
(ii) A low alkali (Na) group that includes 



Fig. 1. The Waziristan complex shown in the speculative tectonic map of NW Pakistan and eastern 
Afghanistan (after Beck et al., 1992). 

ultramafics, gabbros, quamo-feldspthic dykes al. (1979), the low-alkali volcanics can be class 
and the remaining volcanic rocks with the lat- sified as basalts, andesites and dacites. 

ter three types falling in the field of tholeiitic All the high-alkali volcanics follow the 
rocks. On the classification criteria of Cox et non-iron enrichment trend characteristic of 
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TABLE 1. MAJOR ELEMENT DATA OF ROCKS FROM THE WAZIRISTAN COMPLEX. 

1 2 3 4 5 6 7 8 9 10 11 
MI0 D21 D27 D33 D2 D30 Dl1 Dl2 D lu Dl7 Dl8 

SiO, 69.88 50.00 47.80 53.12 55.32 47.50 62.87 65.70 
TiO, 0.32 1.78 1.54 2.16 0.72 0.42 0.40 0.28 

13.51 14.87 15.04 16.00 15.04 16.75 13.87 15.00 
Fezo, 2.28 9.22 8.66 5.99 6.36 8.42 0.08 2.92 
FeO 1.14 1.58 3.85 4.76 2.00 5.36 4.12 0.66 
MnO 0.10 0.15 0.17 0.18 0.1 1 0.32 0.19 0.10 
MgO 1.72 2.84 4.21 3.96 2.51 10.87 1.33 0.83 
CaO 1.42 9.97 7.44 5.26 9.57 1.88 2.27 5.12 
N%" 5.70 4.66 5.36 5.12 3.06 0.40 1.04 0.74 
%O 0.73 0.0 1 0.04 0.66 0.09 0.07 1.86 1.68 
'2'5 0.07 0.20 0.22 0.20 0.09 0.00 0.13 0.07 
H20+ 2.10 3.98 3.89 2.66 4.39 7.90 10.61 6.55 
Total 98.97 99.26 98.22 100.07 99.26 99.89 98.77 99.65 

1-4 ultramafics; 5-6 gabbros; 7-8 dykes; 9-15 high alkali volcanics; 16-22 low alkali volcanics. 





TABLE 2. CLINOPYROXENE ANALYSES FROM VARIOUS ROCKS OF THE WAZIRISTAN COMPLEX. 

1 2 3 4 5 6 7 8 
GABCPXl GABCPX2 GABCPX4 GABCPX5 CABCPX6 DYKCPXI DYKCPX2 VOLCPXl 

MnO 

MgO 
CaO 

Total 
-P 

Formulae on the bases of 4 cations and 6 oxygens 



(Continued Table 2) 

9 10 11 12 13 14 15 
VOLCPX2 VOLCPX3 VOLCPX4 VOLCPX5 VOLCPX6 VOLCPX7 VOLCPX8 

MnO 

CaO 

N%O 
Total 

Formulae on the bases of 4 cations and 6 oxygens 

"Clinopyroxene from gabbros (1-5), dykes (6-7) and high-alkali volcanics (8-15)." 
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Fig. 4. (a) A1,0, vs %An (normative), (b) Fe,O, vs 
MgO and (c) TiO, vs MgO plot of the rocks 
from Waziristan complex. Symbols as in 
Figure 3a, 

(1987) and Schumacher (1991). "Less than 
perfect analyses" have been discarded and the 

data are shown in Table 2. The gabbroic clino- 
pyroxene straddle across the junction of diop- 
side and augite fields whereas the data from 

volcanic rocks and dolerite dykes exclusively 

occur in the augite field on the clinpyroxene 
padrilateral of Poldervaart and Hess (195 1) 
(Fig.5a). On the "'A1 vs '"A1 plot of Aoki and 
Kushiro (1968) three of the gabbroic clinopy- 
roxene analyses show metamorphic origin where 
as two gabbroic clinopyroxene spots reflect ig- 
neous characters. All other clinopyroxene data 
(8 from high alkaline volcanics and two from 
dolerites) show igneous characters (Fig.5b). On 
the F2 vs F1 plot of Nisbet and Pearce (1977) 
most of the clinopyroxene data fall in the ex- 
clusive field of volcanic arc basalts (above sub- 
duction zones) with a few occurring in the 
combined field of volcanic arc basalts and oceon 
floor basalts (Fig.5~). Similarly, on the Na vs 
Fe2+/Fe2++Mg plot of Papike (1982) majority of 
the clinopyroxene analyses from the volcanic 
rocks and three gabbroic clinopyroxene spots 
are confined to the island arc field (Fig.5d). 
Most of the clinopyroxene data show non-alka- 
line characters with only two volcanic compo- 
sitions falling in the normal-alkaline field, but 
close to the boundary of non-alkaline ones on 
the SiO, vs A120, plot of LeBas (1962) (Fig.6a). 
In addition all the clinopyroxenes indicates non- 
alkaline characters and orogenic environment 
on the Ti vs Ca+Na and Ti+Cr vs Ca plots j 
(Figs. 6b,c) of Leterrier et al. (1982). Interest- 
ingly, as suggested by their corresponding rock 
chemistries, clinopyroxene from volanic rocks 
show calcalkaline affinities while those from 
gabbros and dolerites reflect crystallisation kom 
tholeiitic magama on the T i  vs 'A1   lot (Fig .6d) 
of Leterrier et a1. (1 982). 

DISCUSSION 

Both the mineral and rock chemistries of the 
high-alkali volcanics, representing a basalt- 
andesite-dacite-rhyolite association, are char- 
acteristics of calkaIkaline rocks and thus refelect 
evolution in subduction-related island-arc type 
of environment. This interpretation is in ac- 
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Clinopyroxene compositions from the Waziristan complex (a) in the pyroxene quadrilateral of 
Pldervaart and Hess (1951), on (b) "A1 vs "A1 plot, (c) F, vs F, plot and (d) on FeZ'/FeZ++Mg plot. 
plus = gabbroic, cross = doleritic, circle = volcanic. 

cordance with conclusions drawn by previous 
workers (Ahmed & Hamidullah, 1987; Beck et 
al., 1992). Calcalkaline and tholeiitic chemis- 
tries have been previously described in the 
Waziristan igneous complex by Ahmed and 
Hamidullah (1987) but they did not envisage 
the presence of tholeiitic components amoung 
the extrusives members revealed in the present 
study, on the basis of whole rock chemistry. 
These tholeiitic volcanics and the associated 
plutonics may be representing fragments of the 
ophiolitic melange (see Jan et al., 1983, 1985; 
Beck et al., 1992) or may be the product of 
island arc-related subduction process. The 
clinopyroxne chemistry from gabbros and 
dolerites support the latter interpretation (see 

Figs.Sc,d). Effort were made to varify the 
tectonic environment of the tholeiitic members 
of the complex on the basis of major element 
chemistry. Unfortunately none of the 
discrimination diagrams was found to be con- 
clusive. This feature may be a reflection of the 
type of tectonic environment mentioned by 
Beck et al. (1991), i.e. oceonic island 
arc+continental fragments; thus carrying signa- 
tures of a mixed protolitic material. Trace 
eleinentlrare earth and isotopic studies may be 
able to further discriminate such parantages. It 
is worth mentioning however that, in general, 
subduction-related island arc type of 
environments existed and are supported by both 
mineral and rock chemistries of at least one 
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Fig. 6a-d. Clinopyroxene compositions from the Waziristan complex shown on various affinity and tectinic 
setting discrimination diagrams. Symbols as in Figure 5a. 

well specified group of rocks, i.e, the high-alkali 

volcanics. As Beck et  al., (1992) have described 

the  association of m e t a ~ e d i m e n t a r ~  and 

ophiolitic melange rocks with the island arc 

ones, the whole sequence at Waziristan may be 

. better referred to as "Waziristan complex" rather 

than "Wazirisatn igneous complexn of Ahmed 

and Hamidullah ( 19 87). 
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