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Abstract: Tourmaline is present as alteration and mineralization ar Maherabad and Khopik Cu-Au
prospecting areas, MNajmabad Sn-W-Au prospecting areas, Hired Au-Sn prospecting area. and within
Ciheshlagh pegmarite dikes, Based on X-ray diffraction graphs, Maherabad, Gheshlagh and Hired tourmaline
are schorl, but Najmabad and Khopik are dravite type. Based on chemical composition, all of tourmalines
belong to alkali group. The Mg/{Mg+Fe) ratio in Gheshlagh tourmaline is 0.21-0.29, in Hired 1s 0.32-0.47
and in Maherabad is  0.44-0.5 and in  Najmabad and Khopik are MgiMg+Fe)= 0.55-0.82. Khopik
tourmaline contains considerably higher Mg (1.9-2.3) compared with the Maherabad (Mg = 1.4-1.9), The
average Ti0; content of Maherabad tourmaline is .35 and Khopik iz 0.19. At Khopik, deeper portion of the
porphyry Cu-Au is exposed. Najmabad tourmaline contains the highest Mg (Mg= 2.2) and Gheshlagh the
lowest Mg (Mg=0.5417) and highest Fe (Fe= 1.9-2.3). Najmabad tourmaline contains the highest Tid,
(0.48%) and other tourmaline contains less than 0.3 % TiO,. In general, there is a reverse comelation
between Cal and Na;0. Gheshlagh has the lowest CaO and highest Ma:0. The Ca0 and NaO content of
tourmaline from Hired are very variable.
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Analytical Technigues

All  elemental analyses of Tourmaline  were
obtained from polished thin sections using a JEOL
JEA-BHNE electron microprobe at the University
of Colorado Boulder (USA)  Element
determanations (51, Al, Fe, Mg, Ti. Mn, Total Ba,
Ma, K. F and Cl)y were carnied out using o beam
size of 1-2 pm, an accelerating potential voliage of
15 kV, a probe curremt of 5-10 nA, and a counting
time of 20 % for each element analyzed. Well-
characterized synthetic and ‘natural sihcates were
used as standards. Data were correcied onling
using o modificd  Bence-Albee  comection
procedure. On the basiz of rephicate andlyses of

several secondary standards, analytical precision
associated with counting  statistics for  sclecied
oxides is cstimated to be 20.21% 50, =0 13%
AlOy, 20.06% Fel, £0.11% Mg, <0,02% Cal),
and =0.03% NaO), Tourmaline formulae  wiene
normalized on the basis of 15 cattons exclusive of
Ma, Ca and K, which assumes nd vacancies in the
tetrzhedral or octahedral sites and insignificant Li
contents [1]. X-Ray Dnffraction Analysis (XED)
was done by Kansaran Binaloud (Mashhad).

Introduction

Tourmaline from  four Wﬁ?ﬁ ‘._H’Iudmg

Gheshlagh (1), Najmabad (2) 3), and
Hired (4}, are selected for this swudy (Fig. 1)
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accessory borosilicate mineral ingranmic rocks and
their pegmatites, associated metallic hydrothermal
deposits. It is swble over o wide mnge of
temperature m hydrothermal alleration. It occurs
i the wolcamic-rock-hosted  massive - sulfide
depasits [2], in porphyoy-copper deposits [3-5]
melamirphosed stratabound Ph-#n deposits [6, 7).
in medium-lemperature hydrothermal gold {8, 9]
andd tin deposits [10], in greisen depositg [11], and
schist-type emerald deposits [12, 13]. Substitutions
are thus widespread in wurmaline-group minerals,
whinze structural formula i%
AV Zad TaOp(BO VW [ 13].

« X ==C4a Na, K or vacani;

» ¥ =Li, Fe™, Mg Mn, Al O, Fe™, v, Ti*:

Z= Mg Al Fe", ¥", Cr™;

T=15i, AL B:

B = B, {(vacant};

Vo= 0H, O

s Wa=0OH F O

Hawihome and Hemnry  [13]  proposed o
classification scheme for the tourmaline group
minerals based on the chemical composition and
ordening at the different sies ol the tourmaline
structure.  Consequently,  limited  computer
programs written i Microsohs QuickBasic [14,
15]: uppeared in literature 10 caleulmte and classify
the tourmaline group minerals, However, Tinadle et
al. [16] referenced tourmaline caloulation program
under Microsofls Excel based on 31 amons.
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Fipure 1. Map shows location of the stedy wreas Gheshluph (1), Noymabad (23, Mohersbad (3%, amd Hired (4),
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Hired Aw prospecting

Hired the largest pold prospect is located 150 km
south of Birand, in ¢astern Iran, Two suites of
Oligocene-Miocene  granitoids,  one  relatively
oxidized (magnelite-series) and the other relatively
reduced (ilmenite-series), were wentified a1 Hired,
Eastern  Iron [17). Au-5n  muncralization s
associsted only  with  the relatively  reduced
menie-seres. suite. The magnetc susceptbiliy
of the magneie-series granilowds 15 greater than
0 %0107 SL This suite includes metaluminous,
medium-K to high-K series gabbros 1o diorites
containing magnetite, hornblende and biotite, The
magnetic. susceptibiliny of  the  ilmenie-senies
sranitoads are less than 60 x107 51 This suite
includes meta-aluminous, high-K (o shoshonitic
diorites o granites, containing. biotite, muscovite
and tourmaline. Both the ilmenite and magnetite
serics suites are strongly enriched in large ion
lithephile clements (LILEs = K. Th, Rb. Ba) and
depleted in high field sirengih elements (HFSE =
Mb, 5r, Th, HT}. Chondrite-normalized Bare Eanh
Element (REEE) plots imdicate strong ennchments
of hight relative 10 heavy REE, with (LaYhiN
between 7-24 [17]. llmenite suite pranitoids hive
pronounced  negative  coropium  anomalies.
Stockwork. muncralization is found within and
nearby  the  relatively  reduced  ilmenite-series
granites, Based on their munernl assemblages
{arsenopyrite, pyrrhotite, tourmaline, pyrite, gold
amnd quanz), the ore-bearing fluids that penerated
these stockwork veins was also reduced. This and
the spatial relationship of mineralization with the
ilmenite swite pranitoids, ndicates that the ore
fuids onginsted from reduced granitoid magmas.
Hited Au-Sn deposit is a reduced-intrusion related
golid system.

Maherabad & Khopik

The Maherabad & Khopik porphyry copper-gold
prospect areas are located 70 km SW of Bigamd
city (center of South Khorasun provinee), easiem
fran. It is located in the eastern part of Lut hlock.
Fifteen itrusive rocks (Upper BEocenel range in
composition from diorile to menzonite have been
distinguished [ 15, 19].

Based on mineralogy and high values of magnetic
susceptibility [(300 o 20000 = 10" S}, these
mitrsive rocks are classified a5 belonging o e
magnetite-series of -iype gronitoids. Chemacally

they are mel-aluminous, high-K colc-alkaling o
shoshomic mtmsive rocks which were fommed in
island arc seiting, These rocks are chamctenzed by
overage of 5100 > 59 wi%h, AlOy > 15 with, Mzl
< 2w, MapD = 3 wi%, Sr > BT ppm, ¥ < I8
ppm, Yb < 1.90 ppin, S0/Y > 55, moderate LREE.
relatively low HREE snd enrichment LILE {Sr. Cs,
Eb. K and Ba) relative 1o HFSE {Nb, Ta, Ti, HE
and 1) |18, 19]. They are chemically ‘similar to
some adakites, b their chemical signatures differ
in some ways from normal adakites, including
higher K20 contents and K:O/NaO ratios and
lower Mg#, (LafYby and {CefYhjy in Maherabad
rocks [18, 19]. Maherabad imirusive rocks are the
first Kerich adokites that can be  relmed o
subduction zone.

Najmabad

Majmabad is located 15 Km southeast of Gonabasl.
An  east-west  wending  biotile  granodiorite
porphyry pluton, 26ed km’ in size. intruded
Jurassic slates and quanzites. The gpranodionte has
porphyry texture with 35 tw 55  percent
phenocrysts, The mineral content based on the
phenocrysis are: | 5% -20% plagioclase, 10%-15%
K-feldspar, 10%-15% quarnz. 5%-10% buotite and
less than 2% accessory  phases:  Based on
mingralogy and  low  wvalues of  mognetic
susceptibility [(5 1w 11) = 10 " 81, this granodiorite
iz classified as belonging 1o the ilmenite-senes of
reduced S-type granitoids. Chemically it is met-
aluminous, with relative enrichment in LILE = Rb,
Ba, Zr, Th, HI, K and LREE, and depletion in Sr,
P, Ti and HREE. Based on REE content and low
(LarYbly = 7-11.5. this pluon originmed from
melting of continental crust dunng the Jurassic-
Cretoceous  orogeny  that  caused  regional
metamorphism [20],

Gheshlagh Pegmatites

Gheshlagh pegmatites  are  exposed  in the
southeastern  plutonic belt of Mashhad, Tt fies
between Longiude S9°35E 1o 39°51'E and
Latimde 367N 1o 36°UFN. Pepmonies are the
voungest intrugive rocks i this belt. Numerous
pegmatite dykes crosscut the older onits like o
petwork. Pegmatites are miost comemonly dyke hike
or lensoid, Most pﬂ!..l'l’l'llllﬁ‘- 5 izl but
dimensions vary from | i.m‘i!‘v:tb.éﬂliylj\fm 5
metars in width [21]
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Pegmatitd ndykey are fedehfdtered throughout the
whole biotite-muscovite  leucogranite  plutonic
complex and in the feldspar monzogranite
Microcline, a single crystal measunng up o 40
cenlimeters long is formed.

Pegmatites on their mineral comtent can be
classified, based into 4-group: Type-1 contains 60-
90% pink microcline with minor albite as perthite
{up to 20 cm long), 5-20% clear quartz, 5-20%
muscovite (plates are 2 -8 cm long). Type-2
confams TO-8EE pink microchne with some albie
as perthite (up to 15 ¢m long), 10-15% guanz, 5%
muscovite (up 10 3 cm long) and 5% tourmaline
fup to 12 cm long). Type-3 is less common and

contams  Microcline, quartz,  muscovite, albite,
almundine-type gamet and £ tourmaline. Type-4 is
very: rare and i comaing microcline,  qusnz,
miuzcovite, albive and beryl |21

Pegmatites are being mined for feldspar, Feldspars
are in general K-nich type some Na-K feldspars are
found in Khajehmourad area.

Mineralogical composition

K-ray diffraction graph of ourmaline are shown i
Figs. 2a-d. Najmabad tourmaline is Dravite (Fig.
2n). Based on X-ray  diffraction  grophs,
Maherabad, Gheshlagh and Hired tourmaline are
schorl (Figs Xh-d).
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Figure 2a X-ray diffraction graph of Najmabad tourmaline.
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Figure 2b X-ray diffroction graph of Gheshlogh tourmaline.
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Figure 3¢ X-ray diffraction graph of Hired tourmaline.
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Figure 2d X-ray diilfraction graph of Maherabad rourmaline.

Tourmaline Chemistry
Eleciron microprobe analvses of tourmaling rom
Majmabad, Hired, Gheshlagh and Maherabad are
listed in Table (la-e). Tourmaline is a complex
borosilicate with & peneral  formuls  of
EY AT BO VW [13], where X = Ma, Ca,
K. vacancy: Y = Mg, Fe®™, Mn, Al, Li, Fe™, Ti"*,
Cr*, v Z = Al Mg, Fe®, O, V¥ T = §i, Al
iBY B =B, viacancy; V = OH, O, W = OH, F, 0.
Several normalization procedures for towrmaline
are possible [1]. In this paper, structural formulae
were calculated on the basis of 15 (T + £ + Y}
catipns, assuming that boron has a stchiamestng
value of 3 apfu (Table la-¢].

Tourmaline specics include 13 end-member
compositions  (dravite, schod, chromdravite,

povondraite,  buergere.  elbmte.  olenie,
magnesiofoititie, foitite, rossmaniie, uvite, leruvile,
and liddicoatte).

Tourmaling can be separated inte prncipal
groups based on temary X-site-vacancy-Na-Ca
[13, 22}, respectively] on the donunant occupancy
of the X site, the alkali-, calcie- and vacam-
tonrmaline groups. In general. the microprobe data
indicate that most of the tourmalines are Al-
saturated and belong to the alkali group (Fig. 3).
Gheshlagh tourmaline has the lowest amoumt of Ca
and Maherabad has the highest Ca content {Fig. 3).
Based on the ternary Alsbosdp SId -3, 22
tourmaline from Najmabad are plotted next to
Dravite and tourmaline from Gheshlagh s schorl
{Fig. 43,
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Tahle I-A”ﬂm:@n(ﬂﬁvSlﬂlnm-nnrmpmhc analyses of tourmaline from Hired Au prospecting nreas (Structural
formulia bpsed on 3|1 smons (O, OH, F.
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Table 1-h. Represeniative eleciron-microprobe analyses of oormaline from Hired Au prospecting areas {Strucrural
formmuls based on 31 antans (O, O, 1),
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Toble b-v. repsscmanve ercouii-microprobe inalyses of wowrmaline from Gheshlaph (Structural foromla based on 31

apions (0, OH, Fil,
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Tahle 1-l. Representutive eleciron-microprobe analyses of warmaline from Maymabad {Structwrn] formails based on 81
anions (G, OH, Fi).
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Table 1-¢ Sgﬁﬂﬂ-mlmﬂh analyses of tourmaline from Maherabad Cu-Au porphyry prospecting arcas
iStructural formula based on 31 apiens (0, OH, Fi).
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Table Le. Representative electron-micraprobe analyses of wummaline from Khopik Cu-fu poophyry prospeching areos

{Sructiarn] fosmmula based on 31 ansops (0O, OH, Fi,
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Figure 4 Temary Al-Fe-Mg plots showing changes in chemical composition of tourmaline |13, 221,

The best diagram for classification of the
tourmaline species is an Mg [ (Mg + Fe) vs, X-
vacancy  (A-vacancy + Na) diegram (Fig. 3).
Tourmaline from Najmabad and Khopik one
plotted in the ficld of Dravite [(Mg / (Mg + Fel =
.55 - 0.82]. The Mg / (Mg + Fe) mtio in
Gheshlagh tourmaline is 0.21-0.29, in Hired is 0,32
« [LAT and in Maherabad 15 0.44-0.5 (Fig. 2). In the
Avac ves Mg/ (Fe + Mg} dizcrimination diagram in
Fig. 5, Gheshlagh, Maherabad and Hired lie just
within the Schorl field.

The Mg - clearly distinguishes Cu-Au deposits
in terms of their distance from the granilic source
{proximal o distaly, More specifically, a high Mg
= (§.9-2.3) is indicative of toormalines associaied
with an endogranitic system or a proximal system.
Khopik tourmaline contains considerably higher

Mg (1.9-2.3) compared with the Maherabad (Mg =
1.4-1.9) (Fig. 6). This could be the level of erosion.
At Khopik, deeper portion of the porphyry Cu-Au
is. exposed. Nojmabad tourmaline contains  the
highest Mg (Mg = 2.2, Fe = 045 - 0.6) and
Gheshlagh the lowest Mg (Mg = 0.5 - 0.7) and
highest Fe (Fe = 1.9 - 2.3} (Fig. 6). MNajmabad
tourmaline conain the highesy Til; (D485 and
other tourmaline contain less than 0.3 % Ti0s (Fig.
6). The average Ti0; content of Maherabad
tourmaline is (.35 and Khopik is 0.19 (Fig. 6). The
Ca) and MNuO content of all twourmalines are
plotted in Fig. (7). In general, there is a reverse
correlpiion between Cald l(f:g. T
Gheshiagh has the Iuwm’g and highest Nay(
iFig. 7). The Ca0 and Na:O content of tourmaline
from Hired is very variable (Fag. 7).
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Conclusions therelore it is schorl- ype. Majmabad fourmakine

The spudy of fourmaline from flive argas hos
revealed significant changes in composition, It is
hoped that this will encourage more extensive
studies of chemical wvaristions within single
tourmabimes as o ol i meoeral explocaton and in
petrogenetic  studies. Tourmaling alteralion  is
commonly  associsted with Cw, Sn, W and Au
porphynies.  Compositional  vanations  are
significant between Maherabad and Khopik Cu-An
porphyry prospecting arcas. These two arcas are
nearby, but the level of erosion is higher in
Khopik. The Mg / (Mg + Fe) ratio of Ehopik iz
0. 50-10 0,74, therefore i is dravite type. The Mg/
(Mg + Fe) mtio of Maherabad s 04405,

containsg . the highest Ttk (485 and other
tourmaline  contains bess than 0.3 % Ti0. The
avernge Ti(); content of Maherabad tourmaline i
(.35 and Khopik is (.19, In general, there is o
reverse cormelaton between CaO and NasO of
tourmaling, Gheshlagh has the lowest Cad and
highest Nag(), The Cald and MNa,0d content of
wumuline from  Hired are  wery  variable,
Tourmaline from Gheshlagh  (not  mineralized
pegmatite} has the lowest mtio of Mg/ (Mg + Fe)
< .3, Highest Na.0O and highest Fe .
Ciheshlage tourmaline {1’&%}?{’?,{- 1 Lith no
mineralization) has the lowest %Ca0 = 0.04-0. 14,
Mg/Mg + Fe0) <03 and highest &FeO (13-
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M.m}.é{ﬂﬁ_lﬂ‘é%.‘légﬂﬂﬁqmm Tourmaline
{reduced granitoid with low Sn-W) with minor
changes in their composition contains the highest
Mg/iMg+Fe0) >0.7, BTiO; = 0.48, BMpO = 8.5,
Tlald = |-1.4, and low %lFel = 3.3-4.5,
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