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Abstract:  Mafic rocks including basalts and gabbros are the main 

constituents of Birjand ophiolites. They are found in several places and show 

low grade metamorphism in the field and under the microscope. Chondrite-

normalized REE patterns for basalts and gabbros indicate that these rocks are 

transitional-enriched to depleted mid-oceanic ridge basalts respectively. 

Otherwise, N-MORB normalized trace elements patterns for basalts and 

gabbros are considered to be enriched in some LIL elements. Depletion in Ti 

and also in Nb (in gabbros) is other characteristic of these rocks. Therefore 

an incomplete short-lived subduction regime for generation of those 

heterogeneities can be suggested. The primary mantle-normalized trace 

elements pattern for Birjand harzburgite also confirms some LIL 

enrichments. 
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Introduction  

Around Lut continental block, in the Eastern Iranian Ranges [1], there is a 

highly crushed, fragmented and sheared ophiolitic complex known as 

Birjand ophiolites (Fig. 1). This complex is considered as a part of the Sistan 

suture zone of eastern Iran [2]. The existence of various ophiolitic belts (also 

Birjand complex) around Lut block has been interpreted as the remnant of 

narrow ocean basins similar to the Red sea, developed due to multi-branched 

rifting during late Paleozoic to middle Triassic compressional event [3]. 

According to [2], the Sistan suture zone essentially comprises two sub-

zones: the Ratuk complex composed of upper Cretaceous flysch like 

sediments and the Neh complex with Senonian to early Eocene age. 

Ophiolitic rocks can be traced among the Neh complex. The formation of 

Sistan suture zone was considered as a result of the closure of a relatively 

short-lived branch of Neo-Tethys realm during Campanian to Paleocene 

period [2]. The Birjand ophiolitic complex is highly faulted and 

metamorphosed and their rock units are dominantly marked with fault 

contacts. Along the most of the major faults, the trace of S1 foliation can be 

traced. This complex is considered as several piles of tectonic slices 

composed essentially of harzburgites (with minor lherzolites, dunites and 

chromitites), gabbros, basaltic rocks (as flow or pillow) and limestone along 

with cherts in which they have been accumulated during upper Cretaceous. 

These ophiolites were firstly studied and mapped in detail by [4]. In addition 

to [2] and [4], this complex has been reviewed by some other geologists 

(e.g., [5-7]) whereby their works essentially have been focused on the 

peridotites, listweanites and metamorphic rocks. In this paper, we attempt to 

study geochemistry and petrogenesis of gabbroic and basaltic rocks in the  

Field relationships of mafic rocks  

Gabbroic and basaltic rocks in Birjand ophiolites occur both as individual 

small bodies in fault contact with other rock units especially with peridotites 

or as lenses dispersed locally in metamorphosed flysch like-sediments (now 

as phyllite and/or schist). Gabbroic rocks are also characterized as dikes 

injected into depleted harzburgites. These are coarse-grained rocks and 

southern parts of this complex.  

because of rodingitization, some secondary minerals have been formed. 

Basaltic flows (as pillow) predominantly in the south of Birjand town in 

Band-e-Omarshah region are named meta-spilitic rocks on Birjand 

geological map [8]. These rocks have undergone low grade metamorphism 

and are also marked in the field by weak foliation. Mixing of basaltic 

materials with cherts and limestones is common. In the south of Dehno 

village, in Nokand region, huge bodies of harzburgites associated with 

listweanites, gabbros and basaltic rocks crop out. Here, sandstones, 

tuffaceous sandstones, limestones and phyllites along with cherts (in some 



Rahgoshay, Shafaii Moghadam, Pirasteh               222 

locality pyrite bearing cherts) and spillitized diabasic-basaltic rocks feature 

fault contact with above-mentioned mafic-ultramafic sequences. Gabbros are 

essentially found as dikes and exhibit rodingitization process. In the 

northwest region of Kahi village small outcrop of isotrope gabbros 

commonly embedded in harzburgites is also present. These rocks have 

suffered minor alteration compared with other gabbroic rocks in this 

complex.  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Simplified geological map of Birjand ophiolites. 1- Flysch-type sediments, 

2- ophiolites and ophiolitic mélanges, 3- Paleogene sedimentary rocks, 4- paleogene 

volcanic and sub-volcanic rocks, 5- Neogene sedimentary rocks, 6- Neogene 

volcanic rocks, 7- Quaternary and recent sediments (Modified after [4]).  
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Petrography and mineral assemblage 

Less altered gabbros indicate clinopyroxene grains as interstice between 

plagioclase, defining intergranular texture. Plagioclases are characterized by 

various degrees of alteration into clay minerals, sericite, epidote and 

clinozoisite. Chlorite and actinolite are common secondary minerals, formed 

especially at the expense of clinopyroxenes. In more-evolved gabbros, 

hornblende is a minor phase, altered partly into chlorite. Magnetite grains are 

also present as minor mineral. In more altered gabbros (meta-gabbros) 

plagioclases exhibit high degree of saussuritization. Clinopyroxenes have 

been converted into an assemblage consisting of chlorite, euralite, actinolite 

and tremolite. In addition, pumpellyite veins locally crosscut the rock. A 

minor phase of some of these meta-gabbros is relatively large grains of 

hydrograssular formed during rodingitization process (deduced from optical 

and microprobe data). Basalts are characterized by the presence of altered 

plagioclase laths and well-preserved clinopyroxene grains. Groundmass has 

been highly transformed into clay materials and chlorite. Chlorite also 

defines pseudomorph texture, after mafic minerals. As a result of the 

spillitization process, epidote and quartz are the other types of secondary 

minerals. Additionally, the main feature of basalts in Band-e-Omarshah is 

the presence of tiny fragments of Cr-spinel in the matrix of the rock.  

Bulk rock geochemistry of mafic rocks  

I- method and materials: in order to study the geochemical properties of 

mafic rocks, the ICP-MS and ICP-AES analyses were performed in Centre 

de Geochimie de la surface, Strasbourg (France). For this reason, about 1 

gram of agate-crushed sample was dried first at 110
O
C and then that charred 

at 1000
O
C during 3 hours. 100 mg of the charred sample was mixed with 

750 mg of lithium tetraborate in graphite furnace. This mixture was melted 

at 1000
O
C during 30 minutes. After cooling, the obtained bead was directly 

solved in furnace by a solvent containing diluted nitric acid and glycerin. 

The final solution is 4g/L (100mg of rock in 25ml of solvent), after filtering 

directly entered into ICP-AES. The same solution, diluted 10 times, was 

otherwise introduced into ICP-MS. For ICP-AES, the relative limit of 

measurement is +10% while ICP-MS permits the measurement with relative 

limit of +5%.  

II- discussion: geochemically, gabbroic and basaltic rocks are discussed here 

separately. As it is obvious in Table 1, the meta-gabbroic samples (and 

sample B.N.16) show low values of SiO2 in which this oxide loss is 

contemporary to the excess gain of CaO, Na2O, LOI and also Fe2O3t (in 

basaltic sample, B.N.16). This feature is due to the higher alteration degree, 
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especially rodingitization of these rocks. TiO2 content of these rocks is low 

and in V/Ti diagram [9]; samples are considered to be of low Ti and very 

low Ti series (Fig.2). The Nb content of basaltic rocks is in good accordance 

with MORB (2.33 in N-MORB and 8.3 in E-MORB [10]) while gabbroic 

samples are found to be depleted in this element. As proposed by [11-12] the 

Sr content of MORB materials is about 100 ppm, but in Birjand mafic rocks 

this element shows fluctuation in content. The Zr content of these mafic 

rocks is also characterized by low values. According to [13], Birjand mafic 

rocks based upon their Zr, Nb, Y and Sr are classified as depleted and highly 

depleted materials. In Cl-chondrite normalized [14] diagram (Fig.3), basaltic 

samples are ascribed to be transitional to enriched MORB as supposed also 

by [13]. Lan/Smn ratio of basaltic rocks is higher than 2, related to the 

enrichment of the light REE in these rocks. On the other hand, when the 

chondrite normalized values (Fig.4) for gabbros are considered, the existence 

of a depleted pattern can be attributed to gabbros. This pattern is regarded to 

be strictly depleted in LREE rather than HREE. In gabbros, Eu content, like 

basalts, features main enrichment that can be related to the plagioclase 

accumulation in these rocks. Therefore, the gabbros are slightly different 

from their extrusive equivalents. In the small scale, these compositional 

variations are attributed to the crystal fractionation processes in a large 

steady state magma chamber located underneath the mid-ocean ridges [15-

16]. This interpretation was corroborated by studies on Oman ophiolites 

[17]. Otherwise this argument that some trace elements such as Ti, Nb, Pb 

and Ta are the best indicators of eruptive environment of lavas cannot be 

neglected.  

Basaltic samples have variably higher content of some elements such as Rb 

,Ba, Th, U, Pb compared to the N-MORB (Fig.5). In this diagram, the 

composition of average arc basalts [18] has been drawn for comparison. Nb 

depletion, as it is characteristic of average arc basalts, is not the distinctive 

feature here. In the case of gabbroic rocks the Nb depletion and Pb 

enrichment are common (Fig6). Higher content of Cs, Ba, Rb and Sr can be 

achieved for some gabbroic samples. The enrichment of K-group elements 

(Rb,Sr,Ba,Cs) in the rock reflects either the unique initial composition or 

refractory mineralogy of the magma source or crustal contamination during 

ascent [19], although the later argument can not be considered here. 

Therefore, the distinctive signature of Birjand mafic rocks is the high 

LIL/HFS elements ratios and in particular relatively low Ti (and in the case 

of some gabbros Ta and Nb) contents.  
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Table1  Bulk rock geochemistry of Birjand mafic rocks and harzburgitic sample 

(MGabbro:metamorphosed gabbro, Harz:harzburgite). La and Sm have been 

normalized to N-MORB. 

Rock Gabbro Gabbro Gabbro MGabrro MGabrro MGabrro Basalt Basalt Basalt Basalt Harz 

Name B.K.13 B.K.14 B.K.16 BN13 BN15 B.G.11 B.N.16 B.O.16 B.O.18 B.O.19 BN12 

SiO2 48.5 46.1 45.4 37.6 38.4 27.8 33.6 49 47.4 47.3 37.8 

TiO2 0.248 0.249 1.01 0.136 0.133 0.25 0.337 0.653 0.572 0.581 0.027 

Al2O3 11.3 11.8 16.4 14.4 15.8 17.8 14.2 15 14.8 14.7 0.969 

Fe2O3T 6.73 7.67 9.83 3.5 3.02 4.01 25.3 8.2 7.71 7.81 9.44 

MnO 0.103 0.128 0.148 0.111 0.063 0.082 0.444 0.135 0.139 0.138 0.076 

MgO 12.3 13.6 9.05 16.7 10.7 8.38 5.42 8.32 10.6 10.6 39.3 

CaO 16.2 15.6 11.8 20.1 26.5 20.4 13.3 11.7 11.5 10.3 0.309 

Na2O 0.15 0.12 0.98 0 0.05 14 0.3 2.19 2.1 2.37 0 

K2O 0.06 0.02 1.55 0.02 0 3.11 0.23 0.034 0.339 0.491 0.11 

P2O5 0.05 0.02 0.09 0.03 0.03 0.47 0.16 0.07 0.063 0.054 0.02 

LOI 3.22 3.96 3.23 6.6 4.41 2.77 5.47 4.25 4.11 4.69 12.06 

Total 98.75 99.33 99.46 99.12 99.15 99.03 98.75 99.5 99.26 98.99 100.11 


