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Mineralogy and Geochemistry of Pegmatitic and Aplitic Dikes
in the Boroujerd-Nezam Abad Zone with Respect to Trace
and Rare Earth Elements Mineralization

Majid Ghasemi Siani™, Sima Bayat®
1. Department of Geochemistry, Faculty of Earth Sciences, Kharazmi
University, Tehran, Iran
2. University of Tabriz, Department of Geosciences
Abstract

Boroujerd-Nezam Abad zone is widespread along NW-SE trend in part of Sanandaj-Sirjan zone.
Borujerd-Nezam zone consists of hornfels, schist, phyllite, migmatite, granite and granodiorite rock
types. Metamorphic (hornfels and schist) and igneous (granitoids) rocks are known as host
pegmatitic dikes. Quartz, feldspar, muscovite and tourmaline are the most common pegmatite, and
mica is as muscovite type with tendency to Li-bearing muscovite. Whole rock geochemical analysis
indicates that Rb, Sr, Ba and Al are relatively enriched, but REE, U, Sn and Ga and also Li, Ta and
Cs show depleted. Geochemical analysis of muscovite and K-feldspar indicates that enrichment
index such as Mg/Li vs Li, Rb vs K/Rb and Ta vs Ga diagrams are consistent with barren pegmatites
(LCT family) in REE and trace elements. Comparing to REE rich pegmatites, they show slight
enrichment in LREE relative to HREE.
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Figure 1. Structural-magmatic units of Iran and showing location of Boroujerd-Nezam Abad zone in the
Sanandaj-Sirjan zone (modified after Esna-Ashari and Hasanzadeh (2018).
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Figure 2. Geological map of study area in the Boroujerd-Nezam Abad zone (modified after Ahmadi
Khalaji, 2015)
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Figure 4. Microscopic pictures (XPL) of Boroujerd-Nezam Abad pegmatites: a) Euhedral crystals of
tourmaline (Tur), b and c) Tourmaline and orthoclase (Or) are main minerals in the igneous hosted
pegmatites, d to f) Coarse- to fine-grained muscovites (Ms) in the metamorphic hosted pegmatites, g)
Coarse-grained orthoclase and albitic plagioclase (Pl) in the igneous hosted pegmatites, h) Subhedral
tourmaline associated with quartz (qtz), orthoclase and plagioclase, i) Coarse-grained alkali-feldspar.
Abbreviation of minerals are based on Whitney and Evans (2010).
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Figure 5. a) AFM diagram indicating pegmatite magmatic composition (Irvine and Baragar, 1971), b)
Location of studied samples on the alumina saturation diagram (Maniar & Piccoli, 1989), ¢ and d) Rb vs
Nb+Y and Nb versus Y diagrams (Pearce et al., 1984) indicating tectono magmatic settings. The
Boroujerd granitoid samples are from Ahmadi Khalaji et al. (2007).
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Figure 6. Primitive mantle-normalized trace element patterns (Sun & McDonough, 1989) and chondrite-
normalized (Boynton, 1984) for the Boroujerd-Nezam Abad pegmatites and muscovite and alkali-feldspar
minerals.
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Figure 7. EPMA photomicrograph indicates the presence of apatite and REE-bearing minerals as
inclusion in the pegmatitic dike minerals.
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districts
Sample B23 B24 B26 B28 B29 B33 B34 | Sh35 | Sh36 | Sh37 | Sh40 | Sh42 | Sh45
ALOs% | VE5 | VerAe | YIS | NYEe | CA e | VA [ YO | AYse | YN [ Y. [y | v | Yy
FeOy Voo VO VY- VY- VY- VIS e Voo Y5 Y/¥- VA YIY. Vo
MgO Y. Y. Sy Y. Y. Y. Y. Y. Jf. Y. NP Y. Y.
Ca0 - 10 - /0. N e SIY- -/f- V/E- VY- VY. N e S -a.
Na,O Y- \ £V -/f- VY £/f- Y/f- Y. \{E Vo YA Y5 Y
K;O OFA | FIEY | YIEe | EAY | YISA | YNS | YIYY | YIYE | Yifa | fR5 | YAV | YNE | sy
Lippm | ome | vAa- | YSA | Y | AW | AV | Y | Vs | SO0 | VAAL | YYIAS | Yl | AUt
Be SJf. Y VA - vas | oY N Vo). Y| A N N A YR VIE-
Nb YVA- | AR [ YLV | VNG | AVIVO | NelAe | SERY | oviye | Yvise | osise | VELY | ooy |y
Hf Yieo | XYoo | XL | XIee | XIee | X | X | XIee | Y VAY | e | YIae | Y-
Ta YIYe | Yo | S | slo- | Yo VA | Yy | ede | YA | BIE. VWe | BN | s
U Voo Vee Voo Ves Voo Ves Ve Vee | YN AT U IR VP VY | Ve
Th Yy | oove | owse | o | oyne | ovree | oyRe | ovye | oam|e | o | e | sy | vy
zr YVYe | YUYy | YA | YA | YV | WY | YUY | Yafe | ¥ | s | Yeve | Yo | Ya
Ba OVIY« | FAIE- | YV/ee | YEe [ RS | AVIee | VY | OV | Yeree | ONEY | YV ee | AV | VEY
Sr YOSE | YOISY | YVEY | VYIVY [ AWYA | YO/EY | Yoy | AN | veve | oYvieY | Ay | Yvivs | ey
Rb YYa VAY 100 00 s Voy No 1o Yai VY Y¥s$ 1A 8!
As WWAY | OYAA | VY | SA | Y | oY | oY | AYAY | VYA | aviYa | FRIA | Sy | v
Bi Voo Voo Voo Ves Voo Ves Ves Ve VES | Ve Ves Voo Voo
Ga VAA- | VBN | YASA | BYIEe | YOIVE | VRIOA | YAIY. [ AYY | VOIYE | VB | YYNS | YRIVE | VE/A
Y SYIYe | fse | oYAe | Efe | Ry Voo | Y- B | VelYe | YEN | SRYe | fee | ey
Sc AYO | e | AYIA- | ARA [ AYEY | OAIYA | VEY | YIYe | AYYYY | VRN | sIYE | arfe | e
Sn YV VA VW | Y- VIE- LY/ I 7 20 ER YA A R 75 . W BN 7 R N 71 VA I VO VA
Ti vo8 £of Yoy YAY VAR Yoy Y14 Yq. VAYA | 6-F YoA V4 YYV
Zn age | OYINE | OANY | A [ YA | VA | YYYY | Vs | A | FYAY | WAy | Yea | Yiee
La Yy VYA V¥ VAL VAY | YR | vAe | Neres | oYns | vse | Y. | oYne
Ce FAE | VAY | Ve “IA- VEe | YA YEY | VY | BIYY | WYE | VY | fIYe
Pr YIVe | Y | YA VEY | VA | YAY | oyna | oYny | sy | vy | ovies | Y. | oYY
Nd A7AR S A VR N 7L SR 7 R VA S SR ZAVN S /1 & S AR 7 2 VA NS B 07 W B 772 S B /NS B 7
Sm e A - 10 AT YL N YL NIV Y VY oY | e | esoe “If-
Eu Y. ¥ A S Y N B & O YL Z N YA A N N R B s S B Y A2
Gd Y- Nz - 10 N NS Y SVE | ISA | YIAA | WY oY | A N
Dy VY- Ve Ve Vee Voo e VIAY Voo WA |y Ves VYA | Y-
Ho RS - /% YA | e | eIy XS | erfe 10 ¥ A T Y\ 2 Y o
Er N - 10- Ve A 00 | ovies | e JIAY | YA SOY | v Voo
Yb Y- N N 10 SAY[FE Y Y OLOVEY | FRA | A N VIA-
Lu RV YRS B YR I 25 O IERYES B IRV VA <Y Y| e | Y | s

@ o oe (LA ) 55505 G P el il 9wl e (g (LILE) (o cedys dgd polie (e
el 9 (05 )3 @8 VY=Y ) sl il (5 50 )8 YAV ) 00l (05 50 )5 V2 =01 0) sy, &5 slaisS
ams e ol |y il 35505 (G55 0 p)F +ITY-T) ks oo ol 53 i o ol |y (5 0 o) O -—FAIY +)
W e Liales 4 ol sla SIS g ailats claciley S 5 4 |y oglie L glagSIl S ol jolic
5nS polie olez leSy glsil b dlie 4 abhite bty 4 bgyye gladigas 1o (SREE) REE §gaze
S36 Giges 4y bogsye a5 el (5 40 o8 FUAX 055 lpme oot 4> iged 2l o TREE Lo co ol 1,
o o PrgCeda o Sab b b g s e olis |, glie b (glagS)l WLREE 5 WHREE o



Y SB by oS polie LlalS (8,55 L oblpllss =02 argy 3 (bl 5 (S SIS (ondgh) 5 (ot SIS

@l Ly, oelal , CelCe* g EUEU* pslie 058 oo soalie WHREE (1o o0 Yb Sl Sai é 3 LLREE
sacasylis a6yl ) sl pate /A B /Y 5 YAF L +/3A o (Taylor & McLennan, 1985) dlwgas ous
Mameli et al., 2008; ) sl s ylowS slaloms 5 (Lo Wilgs o a5 Cnl Ce polie jo Sy (Sab s
.(Wang et al., 2013; Mongelli et al., 2014

Slpls 59,79 ailaie 53 30 IS Lwsald 5 o sla IS Sralazr & bgsye slaaiged (ploord &5 @l ¥ Jgax

Table 2. Results of geochemical analysis of separated alkali-feldspar and muscovite (mica) of the
Boroujerd and Nezam Abad districts
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Figure 8. a) Composition of mica minerals in the diagram of Foster (1960), b) Composition of ajkali-
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Figure 6.
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Introduction

Pegmatites are an important source of economic sources of a broad spectrum of rare metals
including Li, Rb, Cs, Be, Ga, Sc, Y, REEs, Sn, Nb, Ta, U, Th, Zr and Hf used in ceramics and
the pharmaceutical industry as well as a number of other industrial applications (Cerny and
Ercit, 1985; Cerny, 1991). Understanding their genesis is essential to better delineate geologic
terranes and environments permissive to their occurrence. A variety of criteria were applied to
the classification: internal structure, paragenetic relationships, bulk chemical composition,
petrogenetic aspects, nature of parent medium and geochemical signatures, among others. The
compositional attributes of feldspars and micas can provide valuable information on the
petrogenetic evolution of granitic pegmatites (Trueman and Cerny, 1982, Legg and Namateba,
1982, Cerny, 1991). The present work combines a petrographic study and geochemistry studies
(both whole-rock geochemistry and geochemical study of feldspar minerals and muscovite) of
the Boroujerd-Nezam Abad zone in the Sanandaj-Sirjan zone, Iran, to place their occurrence in
a regional context by determining mineralogy, textural relationships and geochemical trends.

Summary of petrography and geological settings

In the Boroujerd—Nezam Abad zone, pegmatite dikes formed with a general NW-SE
orientation cross-cutting granitoids. Pegmatite dikes are exposed in the southeast of the
Boroujerd district near the Mirab, Gijali, Kolah Jub and southwest of Kabotarlan villages,
within granitoids and metamorphic units. Towards Shazand, near to Hendoudar and Zabir Abad
villages, there are numerous pegmatite dikes both intruded in the granodiorite and metamorphic
rocks. Pegmatite dikes exhibit 2 to 15 m in length and 0.5 to 0.5 m in width with sharp contacts
to their wall rocks. Mineralogical studies indicates they mainly contain large needle-shaped
crystals of black tourmaline, milky to rose quartz, white K-feldspar, plagioclase, and muscovite
with subordinate biotite, zircon and garnet, and show graphic, perthite and myrmekitic textures.

Material and methods

Pegmatitic dikes in the Boroujerd-Nezam Abad zone recognized based on geological maps
of the Shazand and Boroujerd, and 100 samples were collected from them. Fifty polished thin
sections were prepared and studied by Axioplan 2 Zeiss research-type optical microscope at the
Iranian Mineral Processing Research Center (IMPRC) and Kharazmi University. About thirteen
whole rock samples of Boroujerd and Nezam Abad pegmatitic dikes and nine separated
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muscovite and K—feldspar crystals were analyzed for major and trace elements by ICP—OES
(Varian 735-ES) at the Geological Survey of Iran.

Results and discussion

Pegmatitic dikes are characterized by contents of Al,O; range from 8.30 to 15.1 wt.%, MgO
range from 0.1-0.4 wt.% and FeO; range from 0.8-3.6 wt.%. P content (554 to 3199 ppm) in the
pegmatitic dikes indicates peraluminous affinity of magma. Pegmatitic dikes have a stronger
peraluminous character in the A/NK [A/NK = molar ratio Al,03/(Na,O + K,0)] versus A/CNK
[A/CNK = molar ratio Al,Os/(CaO + Na,O+ K,0)] diagram. All of pegmatite dikes display a
typical calc—-alkaline trend on the ternary diagram of Irvine and Baragar (1971). The Rb versus
(Yb + Ta) and Nb versus Y tectonic setting diagrams (Pearce et al. 1984), indicate that most of
the pegmatite samples plot in the field of volcanic arc setting, less common into syn-collisional
settings and within-plate granite. High Th/Yb ratios correlated with high values of La/Yb, which
are consistent with continental arc magmas. In the chondrite-normalized multi-element
diagrams (Sun and McDonough, 1989), pegmatite dikes have a similar trend in both district, and
Nb and Ti (HFSE-high-field strength elements) show negative anomalies. The chondrite-
normalized REE patterns of pegmatite dikes (Boynton, 1984) show relatively similar flat
patterns with slightly negative to positive Eu anomalies (0.98 to 3.84).
Muscovite in the pegmatitic dikes characterized by Al,O; range from 30.2 to 34.5 wt.% and
K,O range from 9.99 to 11.91, whereas alkali-feldspar characterized by Al,O; range from 14.6
to 17.3 wt.% and K,O range from 7.31 to 11.14. Muscovite compositions plot into the field of
Li-bearing muscovites which is consistent with Li content (28.5 to 162 ppm) in their
compositions. On the Rb/Sr versus Li (Cerny and Meintzer, 1988), showing a positive trend, so
that Li content increase with increasing of Rb/Sr indicating effects of fractionation process in
pegmatites evolution. The K/Rb ratios in the Boroujerd and Shazand pegmatites are in range
64.8 to 232.1 and 62.6 to 384.4, respectively indicating these pegmatites can be considered as
low evolved pegmatites. However, low evolved pegmatites are classified as poor mineralized
pegmatites in relation to Li, Sn, Ga and Ta mineralization. In addition, all pegmatite samples
located in the field of barren pegmatites on the Mg/Li versus Li (Cerny, 1989) and Ta versus Ga
diagrams (Beus, 1966; Gordiyenko, 1971). Economically, these pegmatites can be just
considered as source of mica and ceramic industrial minerals.

Conclusion

- The pegmatite dikes in the Boroujerd—Nezam Abad zone formed with a general NW-SE
orientation and mainly consist of large needle-shaped crystals of black tourmaline, milky
to rose quartz, white K-feldspar, plagioclase, and muscovite with subordinate biotite,
zircon and garnet.

- The pegmatite dikes show peraluminous, I- to S-type magmatism, calc-alkaline series, and
display geochemical characteristics consistent with syn- to late-orogenic and post-orogenic
environment.

- Based on K/Rb ratio and Rb content of pegmatites and K-feldspar and muscovite therein,
pegmatitic dikes are less evolved and classified as LCT family (barren sub-type) of rare-
earth class of pegmatites, and can be just considered for mica and ceramic industrial
minerals.
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