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1- Evitta remota; 2- Navifusa ancepsipuncta; 3- Baltisphaeridum oligopsakium; 4- Dactilofusa
platynetrella; 5- Gorgonisphaeridium antiquum; 6- Veryhachium trispinosum; 7- Multiplicisphaeridium
bifurcatium; 8- Baltisphaeridium longispinosum; 9- Actinotodissus crassus; 10- Veryhachium lairdii; 11-
Poligonium gracil; 12- Veryhachium europaeum; 13- Multiplicisphaeridium irregulare; 14- Pirea ornata;
15- Baltisphaeridium perclarum; 16- Villosacapsula setosapellicula; 17- Veryhachium reductum; 18-
Ordovicidium elegantulum; 19- Orthosphaeridium rectangulare; 20- Dactylofusa cabottii; 21-
Tunisphaeridium eisenackii; 22- Dactylofusa striata; 23- Disparifusa psakadoria; 24- Orthosphaeridium
insculaptum; 25- VVeryhachium triangulatum; 26- Neoveryhachium carminae; 27- Villosacapsula irrorata;
28- Veryhachium subglobosum; 29- Sylvanidium paucibrachium; 30- Desmochitina piriformis; 31-
Belonechitina robusta; 32- Belonechitina sp.A; 33- Conochitina chydea; 34- Belonechitina
wesenbergensis; 35- Cyathochitina sp. A; 36- Cyathochitina campanulaeformis; 37- Euconochitina
communis; 38- Rhabdochitina usitata; 39- Conochitinasp.A.; 40- Belonechitinamicracantha; 41-
Pistillachitinapistilliformis; 42- Armoricochitinanigerica; 43- Lagenochitina baltica; 44- Desmochitina
minor; 45- Lagenochitina prussica; 46- Calpichitina lenticularis; 47- Desmochitina nodosa; 48-
Desmochitina cocca; 49- Rhabdochitina gracilis; 50- Spinachitina bulmani; 51- Ancyrochitina merga; 52-
Angochitina comuunis; 53- Plectochitina sylvanica; 54- Euconochitina lepta, 55- Hercochitina sp.; 56-
Hercochitina crickmayi; 57- Tanuchitina elongata; 58- Tanuchitina ontatiensis; 59- Euconochitina
moussegoudaensis; 60- Spinachitina aff. Oulebsiri; 61- Belonechitina kordkuyensis; 62- Spinachitina
aidaensis; 63- Spinachitina oulensiri; 64- Tanuchitina aff. Elongata; 65- Nezzazata sp.; 66- Marsonella
trochus; 67- Ticinella sp.; 68- Hedbergella planispira; 69- Globotruncana pseudolinneiana; 70-
Calcisphaerula innominata; 71- Pithonella ovalis.
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1- Chomotriletes vedugensis; 2- Papulogabata annulata; 3- Lophosphaeridium segregium; 4-
Helosphaeridium guttatium; 5- Gorgosphaeridium plerispinosum; 6- Gorgosphaeridium discissum; 7-
Dictiyotidium torosum; 8- Cymatiosphaera perimembrana; 9- Solisphaeridium inaffectum; 10-
Solisphaeridium spinoglobosum; 11- Dictyotidium araiomegronium; 12- Gorgosphaeridium abstrusum;
13- Stellinium comptom; 14- Veryhachium pannuceum; 15- Multiplicisphaeridium ramispinosum; 16-
Angochitina devonica; 17- Daillidum pentaster; 18- Gorgosphaeridium ohioensis; 19- Deltotosoma
intonsum; 20- Ammonidium loriferum; 21- Dictyotidium craticulum; 22- Dictyotidium litum; 23-
Crassiangalina tesselita; 24- Cymatiospheridium melikera; 25- Striatostellula sparsa; 26- Poliedryxium
pharaonis; 27- Maranhites perplexus; 28- Emphanisporites rotatus; 29- Retusotriletes rotundus; 30-
Retusotriletes distunctus; 31- Geminospora lemurata; 32- Ancyrospora ampulla; 33- Hystricosporites
porrectus; 34- Auroraspora torquata; 35- Grandispora gracilis; 36- Densosporites rotatus; 37-
Retosotriletes philipsii; 38- Rugospora flexusa; 39- Grandispora cornuta; 40- Retispora lepidophyta; 41-
Vallattisporites posillites; 42- Indotriradites explanatus; 43- Hymenozonotriletes (Diaphanospora)
perplexa; 44- Diducites mucronatus; 45- Retispora macroteticulata; 46- Verruciretusispora loboziakii; 47-
Raistrickia variabilis; 48- Apiculiretusispora fructicosa; 49- Grandispora echinata; 50- Verrucosisporites
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nitidus; 51- Vallattisporites verrucosus; 52- Retusotriletes incohatus; 53- Dictyotriletes submarginatus.
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Nb/Y - Zr/Ti plot (modified by Pearce 1996)
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S adigas (PM) & (SB jobic 5 SLaS jobis 5 (h9 w0y 4 ol jobie sloaST plooed G285 @l (1) Cosy
] o yyolie oz 5 41,3 Slge B 5l s 18], 5 55,10 colams ¢ linSnss 3blis

Sample | SSA42 | SA44 | SB.16 | SB.28 | S.B33 | SB.3.6 | S.D.3.1 | S.D.6.1
Major oxides (wt %)
SiO; 53.45 50.4 46 47.59 47.77 44.9 47.84 50.7
TiO 3.06 2.71 3.6 3.6 2.14 4.42 2.27 1.72
Al;O3 15.24 14.59 18.79 15.9 17.74 15.14 19.09 16.58
FeO 11.05 10.02 12.12 9 9 124 8.96 8.62
Fe,03 3.88 3.52 3.64 1.81 1.81 2.05 2.69 2.59
MnO 0.07 0.19 0.05 0.18 0.15 0.17 0.21 0.17
MgO 2.22 5.18 7.3 6.79 6.9 5.61 7.11 4.87
Cao 2.84 6.8 2.07 10.23 8.72 10.6 5.28 7.95
Na2O 7.31 5.15 4.86 4.24 3.99 3.6 5.43 5.15
K20 0.07 1.08 0.6 0.2 0.73 0.15 0.01 0.14
P20s 0.37 0.31 0.87 0.49 0.43 0.45 0.41 0.59
Cr,03 <0.01 <0.01 <0.01 0.02 0.01 <0.01 0.02 <0.01
CIPW Norm
Or 0.414 6.382 3.546 1.182 4314 0.886 0.059 0.827
Ab 61.855 39.498 41.124 29.300 28.915 24.448 42204 43.578
An 8.564 13.503  4.586 23.761 28.339 24708 23516 21.655
Ne - 2.210 - 3.563 2.626 3.258 2.028 -
Di 2.640 15.001 - 19.321 9.899  20.641 - 11.495
Hy 6.128 - 18.454 - - - - 0.640
ol 7.665 12.389 9.594 12.308 17.604 13.14  20.806 12.479
Mt 5.626 5.104 5.278 2.624 2.624 2.972 3.9 3.755
I 5.814 5.149 6.840 6.840 4.066 8.398 4313 3.268
Ap 0.876 0.734 2.061 1.161 1.018 1.066 0.971 1.397
Cc - - 8.465 - - - 1.528 -
SUM | 99.582 99.970 99.948 100.060 99.406 99.518 99.326  99.094

YFA




Trace Elements (ppm)

Ba 30 350 500 200 770 140 60 100
Co 31.6 37.8 22.9 39 40.8 50.8 34.5 34
Cs <0.1 <0.1 0.3 0.8 0.9 2 <0.1 <0.1
Ga 16 24 28 18 19 23 20 19
Hf 6 6 7 4 4 5 4 5
Nb 20 20 37 29 31 32 29 26
Rb 0.8 12.9 4.8 4.1 15.7 4.5 0.4 2.9
Sn 3 3 3 2 2 3 2 2
Sr 60 380 110 450 870 860 250 400
Ta 1 1 2.1 15 1.6 1.9 1.5 1.4
Th 2.1 2.1 3.8 2.8 3.2 3.1 3.4 2.9
0.58 0.61 1.65 0.67 0.75 0.72 0.8 0.7
\% 297 329 296 207 167 431 216 123
Zr 199 201 274 154 156 172 153 200
Cu 25 70 28 192 56 104 89 62
Zn 89 150 150 129 84 125 82 99
Ni 43 47 11 74 99 51 61 28
Ag <1 <1 <1 <1 <1 <1 <1 <1
wW <1 <1 <1 <1 <1 <1 <1 <1
Mo <2 <2 <2 <2 <2 <2 <2 <2
TI <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
REE (ppm)
La 11.8 22.8 48 23.7 24 24.5 22.5 24.7
Ce 315 54.8 116 53.6 52.4 54.4 50 57
Pr 4.04 6.96 14.3 6.52 6.16 6.59 5.75 7.02
Nd 18.6 29.9 59 27.9 25 28 22.8 29.8
Sm 4.6 7.1 12.1 5.9 5.2 6.2 4.6 6.8
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SUM

1.3
4.52
0.77
491

1.1
2.95

0.4

2.5

0.3
245
2.07
98.9

2.43
6.76
11
6.62
1.38
371
0.48
2.8
0.35
34
2.25
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Abstract:

Gorgan Schists have a wide range of rocks including slate and philite to schists. They
have a wide compositional range and show different stages of deformation as So, S1 and
S, foliations.The mafic igneous rocks have been reported by many resaerchers in this
complex. These igneous rocks exit as interbeds of lava flows in schists as well as small
intrusion and scattred dykes. Interbeds of lava flows are melanocratic and have
vesicular and flowing structures. They have basaltic composition and altered
extensively. Plagioclase as microlite in matrix and as phenocrysts are the main minerals
of these rocks. Existence of sphen around the cpx show that the cpx is Ti- augite. A
various minerals such as chlorite, epidote, sphen, albite, sericite, zoizite, clinozoizite,
calcite, quartz and ... as micrograns, veins and coarse grains formed in these rocks.
Porphyric, glomeroporphyric and trachyty- porphiric are the main textures of basalts.
Small intrusiouns, specially in Naharkhoran vally intruded in these schiste. Their
appearences are melanocrate and have gabbroic composition. Their chemical
compositions are very simillar to basalts. These rocks affected intensively by
metamorphism and alteration and show a wide range of secondery minerals.Gabbros
have granular, intergranular, ophitic and subophitic textures. Small dykes with basaltic.
Trachytic and andesitic compositions, exist in whole area. In these rocks, CPX is low or
absent, plagioclase increeses and alkali feldspars appears as phenocryst. In
petrographical studies, can be seen a fractional crystallisation range from basic to
intermediate in igneous rocks. In geochemical studies, exitence a lot of normative
olivine and small amounts of feldspatoid in some rocks, indicate SiO2 undersaturation
of parental magma. Indeed, this magma had alkaline nature. Spider diagrams show
LREE and LILE enrichments and HREE depletions. These indicate low grade partial
melting of sourse region. Forthermore, relative enrichment in HFSE (absence of Ti
depletion and existence of Nb positive anomaly) indicate an enriched sourse for these
rocks, absence of contamination with continental crust and similsrity of them with
interacontinental alkaline magma, parallel patterns in spider diagrams and ration close
to 1 in OIB normalaize diagrams, indicate the semilarity of their sourse to OIB magma
sourse. Based on the results of tectonic discrimmination diagrams and sourse region
characteristic, these rocks had been formed from 2-10% partial melting of an
asthenospheric mantle sourse with garnet spinel lherzolitic composition in 100-110 km
depth in an intercontinental rift enviroment. This enviroment consistent with extensional
regime governed on northeast edge og Gondwana Supercontinent and fomation of
Turan rift in Ordoviciane — Silurian that resulted to creation of Paleotethys ocean.

Keyword: Mafic igneous rocks, Gorgan Schists, Eastern Alborz
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