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Abstract: The Maherabad gold-rich porphyry copper prospect area is located in the eastern part of Lut
block, east of Iran. This is the first porphyry Cu-Au prospecting area which is discovered in eastern Tran.
Fiftcen mineralization-related intrusive rocks range (Middle Eocene 39 Ma) in composition from diorite fo
monzanile hiave been distinguished. Monzonitic porphyries had major role in Cu-Au minetalization. The ore-
bearing porphyries are [-ype. metalumincus, high-K cale-alkaling 1o shoshonite intrusive rocks which were
fa in island arc setting. These rocks are characterized by average of 50,2 59 wt %, ALO, > 15 wt B,
M 2 wt %, NayO> 3 wi %, Sr> 870 ppm, Y< 18 ppm. Yb< 1.90 ppm. St/Y> 35, moderate LREE,
relatively low HREE and enrichment LILE (Sr. Cs. Rb. K and Ba) relative wo HFSE (Nb, Ta, Ti, Hf and Zr).
They are chemically similar to some adakites, but their chemical signatures differ in some ways from normal
adakites, including higher KO contentz and EKO/Na0 mtos and lower M, (La By, (Cem bl and eNdG
m Maherabad rocks. Maherabad intrusive rocks are the first K-rich adakites that can be related with
subduction zone. Partial melting of mantle hybridized by hydrous, silica-rich slab-derived melts orfand input
of ennched mantle-denved ultra-poassic magmas during or prior to the formation and migration of adakitic
melis could be explain their high KO contents and K-OfMNa:0 mtios. Low Mg values amd relatively low
MgO, Cr and Ni comtents imply limited interaction between adakite-like magma and mantle wedge
peridotite. The initial "Se™Sr and ("N"Nd)i was recalculated 10 an age of 39 Ma (unpublished data).
Initial “Sr/™Sr ratios for homblende monzonite porphyry are 0.7047-0.7048, The ("'Nd/"“Ndji isoope
compasition are 1.5126%4-0.512713. Initial eNd isotope values 1.45-1.81. These values could be considersd
as representative of oceanuc slab-denived magmas. Source modeling indicates that hiph-degree of partial
melting (relatively up o 30%) of n basaltic gamet-bearing (lower than 104 ) amphibolite o amphibolite
lacking plagioclase as a residual or source mineral can explain most of the moderate w0 low Y and Yhb
contents, low (LY by, high 5o/ ratoz and lack of negative anomaly of Eu in the recks of the disinet. The
geochemical signature of the adakites within the granitoid rocks represents a characteristic gaide for further
exploration for copper porphyry-type ore deposit in Eastern Iran.
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Introduction MNorth latiude and 587 577 187 = 587 497 46~ Easit
The sidy area 15 sitiated in — 70 km southwesiern longinde (Fig. 1}
Birjand (center of South Khorasan province), Porphyry copper deposigs Apgas0 Fcgy. are less

eastern Iran. Maherabad porphyry Cu-Au prospect well recognbzed and understood compared 1o those
area is bounded between 327 317 457 - 327 26° 127 in Urumich-Dokhtar zone in central Iran. Based on
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the prescoce m sunvepcoms calc-alkaline infrusive
rocks, well development alieration zones including
quartz-sedcie-pyrite  (Q5P), silicified-propylinic,
propylitic, carbonate and silicified. style of
mineralization such as stockwork, disseminated
and hydrothermal breceia, high density quans and
quartz- sulfide veinlets, high anomalies of Cu and
Au o oand  winesses.  of  mucrothermomelry,
Maherabad prospect area is the first gold-rich
parphyry copper deposit in eastern lron which has
been described. This 15 af preliminary stage of

explotaiion. The average assay of Co and Au is
approximately 0.32% and (L3T gh, respectively,
The aim of this paper s 10 descmibed the
veachemical characters of magmatism associaied
with this porphyry Cu-Au deposit in eastern Iran
and  Ninally to  determine  its gencsis.  The
peochemical signatures of ope-related intrusive
rocks represent a charactenstics porde for lurher
exploration for copper porphyry-lype ore deposit in
eastem Iran.
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Fig 1. The stroctural map of Central-East Iran and its constiteent crustal blocks ([1]. with some changing after [2]). The

locarbon of study area is shown on figure.
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Meods Archive of SID
Ficld and laboratory studies for this study are as
follow:
l- Geologic, alteration and  minemlization
mapping were conducted at a scale of 1110000 in
approximately 132 km® area in Maherabad district;
2- Detailed petrographic studies of more than $060
thin and polished- thin sections were done from
Maherabad mtnisive rocks;
3- Magnetic  susceptibility of least  altered
mincralization- related  intrusive  rocks  were
measured in Maherabad prospect arca;
4= Representative of the least aliered ore-related
mtrusions  of  Maherabad  porplvry Cu-An
mineralization were selecied for analysis of major
clements by X-ray fMuopescence [(XEF) in Ferdowss
umversily of Mashhad (Iran) and trace and rare
earth elements (REE) by ICP-MS an university of
Colorado (LISA);

Srand Nd isotopic analyses were performed on
a b-collector Finnigan MAT 261 Thermal
[onization Mass Spectrometer at the University of
Colorado, Boulder (USA)L "'St/™Sr ratios wer:
analyred  using  four-collector  stabic  mode
meEasurements. Thiny measuremenis of SRM-987
during study period yiclded mean "'Se™Sr =
0.71032 = 2 (error is the 2 sigma mean), Measured
MSr/Sr were corrected 1o SRM-987 = (.71028.
Error in the 2 sigmas of mean and refer o last two
digits of the ¥Sr™Sr ratio, Measured ""Nd/"Ndl
normalized to Nd/ Nd=0.7219. Analyses were
dyvnamic  mosde,  three-collector - measuremenis.
Thirty-three messurements of the La Jolla Nd
standard during the study period yielded a mean
INA U NA=0.51 1838 = 8 (error is the 2 sigma
mean).

Genlogical setting

Maherabad  porphyry Cu-Au  prospect area is
situted within the eastern part of the so-called Lt
block of east of lran (Fig. 1), The Lut region
constittes a part of the Central lran. As a
structural unit it evinces a piatform character in its
sedimentation during the whole Palcozoic peniod.
During Meaoroic and Temiary, due o mlensive
orogemic movements. n breaking and sphitting of
this platform has been oconmed; this led to o
remctivation of different  lincaments, which
separated the Central Iran into mosaic-like blocks.
The Lut block iz characlerized by extensive
Tertiary magmatism, and s seporatéd fromm other

regions by north-south faulis in the west and cast
[3].

According to Stocklin and Nabavi [4], the Lot

block extends over some %) km in NS direction
from Dareneh fault in north to Juz-Mornan basin in
south, but iz only 200 km wide in EW direction
from Mayband fault and Shoton range in the west
to East-lranian range and Nehbandan faule in the
east (Fig. 1), Paleotectonic setting of Lut block is
less well understood. Some  generalized works
were done on tecionic and mogomuitism of Lul, but
these are very imperfect and even contradictory |3,
3-10). However, subduction certainly ocourmed
between the Lur block in the west and Afghan
block in the east and wis followed by extensive
magmatism. Eastern Iran, and particulardy the Lut
block, has a great potential {or different types of
mineralization spatially porphyry and epithermal
deposits due 10 these occumences.  Flowever,
unforunately, most of mineral resources in easterm
Iran have remained unknown and '."lrj_qin due L
seimi=arid 1o ard type of climaie, presence of
developed desen, lack of sunable access roads and
finally imperfect information.
Regional geological map of Maherubad porphyry
Cu-Ay prospect area is shown in figure 2. In this
daren, magmatism wos initiated by eniption of the
alkaline and cale-alkaling voleanic rocks, closely
followed by emplacement of Eocene infermedinte
= piidic porphyritic intrusive rocks, The volcanic
rocks consist predomunantly of andesiie, dacite and
twlf and the intrusive rocks vary from dioote o
maonzonite (Fig. 2.

Sedimentary rocks such as ulfaccous marl has
bess developed i thes disinet (Fig, 2). Most of
volcamic and  plutonic  rocks  were  extensively
altered and muineralization is clearly scen on the
surface. In addition to Maherabad porphyry Cu-Au
munéralization, other prospect areas such ns
Khopik porphyry  Cu-Au,  Sheikhabad  high-
sulfidation epithermal gold and Hanich low-
sulfidation epithermal gold occur in this ares, but
these are not incloded in the present study, Phyllic,
argilhic and propylitic dltemion are mre o mmiod
sonies in the arta. Stockwork, dissemunoted,
hydrathermal breccias and vein-style
minesalization are observed jn diff pipeces. All
of the mineralization was formed duc 10 imtnision
of cale-alkaling porphynue subvolcanic intrusive
rocks into - andesite, dacie and uff.
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Local e

Based on detailed field relations and petrographic
studies, geology of Maherabad district can be
divided imto four sectons (Fig. 3k 1) pre-
mineralization voleanic rocks which are intrded
by intermediste porphyritic  intrusive rocks, 2)
Eocene orc-related intrusive rocks which have
interfered  to  formation of  porphyry Cu-Au
mineralization. 3} some intrusive mcks  have
iniruded  after mineralizaton, and 4) Custernory
sediments; The oldest rocks in the Maherabad arca

are voleame rocks. including wifie and dacite 1o
rhyodacitic wiff. They are exposed in the center of
district {Fiz. 3). The ore - related porphyries are of
Eocene age, and intruded imo volcanic rocks.
More than Dhiteen ntrusive stocks have been
regopnized  which  host  porphyry Cu-Aw
mincralization, The composition of mineralization-
related intrusive rocks varies from  gabbro o
monzonite (Fig. 3).  They were subjected 1o
hydrothermal — alterston  spatially  wathan — and
sdjacent o monzenilic mtrusions,
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Fig. 2 Simplified regronal geological map of study area modified afiér the Sar-e-Chah-z-Shur mag [11], Mokhtaran

map [12] and Ehosf nap [12]. The lecation of prospect area is

shown,
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Fig. 3 Geological map of Maberabad prospect arca

Monzonitic  porphyry  rocks  with  irregular
contacts are the main stocks in the area. They are
exposed in the eastern part of Maherabad.
Petrographically, five monzonitic intrusive phases
can be distinguished based on presence and
abundance of phenocrysts of quartz  and
ferromagnesian munerals such as biotite and
homblende; 1) monzonite porphyry, 21 homblende
monzonite  porphyry,  3) biotite  monzonite
porphyry, 4) homblende quartz  monzonite
porphyry and 5) biotite hornblende monzonite
porphyry (Fig. 33 These subvolcamie rocks were
extensively altered and the highest density of
veinlets was seen in them (up to 50 veinlets in |
m’). Color of these rocks is dominantly yellow to
creamy due 1o quartz-sericite-pyvrite  olteration.
Monzonitic rocks appear 1o be main source of
rrineralization.

Monzodiorite porphyries are divided into three
units, including biotite pyroxene monzodionie 1o
dioritg  porphyry, homblende monzodionie
porphyry, and pyroxene  biotite  homblende
menzodiorile  porphyry. The exposure of these
rocks is small (Fig. 3). They have been mainly
influenced by propylitic alteration.

Diontic  mineralization-relaled  stocks  have
small to large exposures in the east and west of
Maherabad area. They are porphymitic, with
plagioclase and ferromagnesian minerals such as

hamblende, bictite: and - pyroxene are main
phenocrysts, They are divided into six uniis: 1)
biotite hornblende diorite porphyry, 2) hormblende
otite  dionite  porphyry. 3] homblende  diorite
porphyry, 4) biotite dionte porphyry, 51 baotite
pyroxene homblende diorite porphyry and &)
homblende pyroxene diorite porphyry (Fig. 3).
Theze subvolcanic rocks  were  weakly 1o
intermediately  altered o chlorte,  epidote,
carbopate and quartz, Only one of them (biotite
homblende diorite porphyry) sweas subjected by
mlense quartz-sericile-pyrte alleranon,
Biotite pyroxene gabbro is the only mineralization-
related intrusive rock with mahc composition
exposed. It occurs east of the main road (Fig. 3).
This gabbro has very small outcrop. lis texture is
porphynitic and plagioclase, pyroxene and biotite
formed as phenocrysts. The color of unit is green
due 1o presence of minor chlorite as & secondary
mineral, i addition w pyroxene. Based on field
relation, bictite pyroxene gabbro is a late phase of
magmatism  involved in  porphyry  Cu-Aw
mineralization of MaherabadIn  addwion 10
intrusive rocks, hydrothermal brecoia and imntrusive
breccia umits have been recogni which are
related to mineralization in 44V .

The ore-related intrusive rocks are intruded by
other calc-alkaline subvolcanic rocks emplaced
after Cu-Au mineralization (Eoceng). These rocks
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are bresnoana minermization 15 nol seen. The
composition of post-minernlization rocks varies
Irom  dionte o monzonite, Ther (exture s
porphyritic and plagioclase, K-feldspar, biotite and
homblende are main phenocryst minerals, Posi-
mineralization rocks consist of homblende diosite
porphyty, homblende monzodionite  porphyry,
bistite  hornblende  monzodionte  porphyry  and
biotite hormblende monzonite porphyry (Fig. 3).

Petrography

The monzonite porphyry is porphyritic with aplitic
groundmass, Phenocrysts comprize about 20-25
vol % of the rock and are plagioclase up to 5 mm
in diameter { 10-12 vol %), K-feldspar up to | mm
in diameter {12-13 vol %) and minor quanz up to
02 mm (<0.5 vol %). The plagioclase has
andesine composition and i5 zoned. Accessory
mimerals are wircon and magnetite. Most of the
feldspar phenocrysts have been altered to sericite.
Quarte and pyrite are co munonly 2een as veinles
of in the motrix. In places, this ook was affected
by silicified-propylitic and propylitic  zones,
resuliing in replacement of plagioclase phenocrysiz
by calcite, chlorite and epidote. The rock is
strongly minerafized by different types of veinlets
of quarz and quartz-sulfide, oxidized copper and
secondary Fe-oxide minerals.

The homblende monzonite  porphyry  has
porphiyry 1o glomeroporphyry texiure and contains
phenocrysts of andesine {15-20 vol %), K-feldspar
(10-12 vol %), homblende (7-8 vol %) and mnor
quarty (<05 vol %) in a hee-graned mamns. The
groundmass consists mainly of quartz and feldspar.
Plagioelase phenocrysis {up to 4 mm} are euhedral
amil pormally  zoned. They also have strongly
sericitized. K-feldspar and homblende phenocrysis
are up to | mm and 3 mm, respectively and were
aliered, Accessory minecils include sircon, apatile
and magnetite. Sericite and quartz are common
sepondary  minerals. This  uwnit s strongly
minerabized by different veinlets of quanz-sercite-
PATILE 2ONE,

The  bisite  monzomie  porphyry has
plagioclase, K-feldspar, biotite and minor quanz as
phenoeryst. The phenocrysts are surmounded by a
fine-grained quartafeldspar muatnis.  Plagioclhse
phenocrysts  (andesine, 20-25 wvol %) display
occasionally zoning and range in length from 1 to
dmm. K-feldspar phenocrysts (10-11 vol %) are
between | o 5 mm. Biotite (4-5 vol %) and quartz
(5-1 vol %) phenoerysts  range from (LS (0
1.4 mm and 0.1 to 0.3 mm, respectively. Fircon,
apatite and magnelile Bre oo MITON  BCCERSONY

phases. Biotite monzomile porphyry was
dominantly affected by intense QSP alteration. In
some places, the rmock has been subjected by
propylitic zone and plagioclase and  biotite
phenocrysis altered 1o chlonite, epidote and calcite.
Tourmaline i5 4 rare secondary maneral which iz
recogiized. Yeinlets of QSP zone are mmnly scen
in thiz rock.

The hornblende quartz moneonite porphyry has
a porphyritic texture and phenocryst minerals
consist plagioclase (andesine, 10-12 wol %)
between | to 4 mm in lengih, K-feldspar (89 vl
%) up 1o 1 mm. quartz (2-3 vol %) up ta 1.5 mm
and hornblende (1-3 val %) up to 3 mm. Zircon
and magneiite are accessory minerals, Plagioclase
and K-feldspar have been altered 1o senicite and
minor calcite, Also, homblende was replaced by
Fe-oxides. This rock 1= mineralized by
disserminated pyrite.

The biotite homblends monzomte  porplivry

comprises phenocrysts of plagioclase (10-12 vol
%0) up to 3 mm, K-feldspar (10-12 vol %) up 1o 1
i, hornblende (3-4 wol %5 up o 3 mm, bistile
(2-3 vol %) up o 0.9 mm, . amd rarely quartz (<05
vol %) up o 04 mm in & fine-grained matrin of
duanz an feldspar. Plogioclase phenocrystz have
andesine  composition.  Mognetite,  zircon  and
tilanite ore accessory  minerals. This wmil was
subjecied by Q&P or sihafied-propylitic zones in
different places and is mineralized by quartz-pyrite
veinlots,
The haotite hornblende diorite  porphyry  hais
porphyry o plomeroporphyry texture with aplitic
groundmass. Phenocrysis comprise about d0-23
wvirl % of the rock and are plagioclase wp 1w 2 oim
in diameter [andesing-labradonite, 25-27 vol %), K-
Feldspar less than 0.4 mm {1-2 vol %), homblende
up o 2 mm (o L vol %), hotite up 1o | mm (2-5
vol %) and rarely quartz (<1 vol %). Magnetite is
an accessory mineral. The rock was subjected by
Q5P and propylitic alteration in different places. In
places, this unit i ossociated with high-density
veinlets of quartz-sulfide £ caleite.

The horablende biotite dionte porplivey can be
distinguished from the other intrusive rocks by 40-
45 wvol % phenocrysts, comprising plagioclase
(undesing, <LE mm, 30-253 vol %), K-lfeldspor
(edl6 mm, 1 vol %), biotite (up 1o | mm, 4-5 vol
%) and horoblende (up to 7 mm, 34 vol %)
Magnelile 15 seen as an secessory phase. The rock
was affected by propylivewaltaSIAEL, i1 Biotite
phenocrysts have been oliered to chlonte, caleite
and minpr epidoie, In this manner, plagioclase anil
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K-feldsphy qhipecyfisSREre weakly aliered to
sericite, epidote and calcite,

The biotite pyroxene monzodiodle 1o diorite
porphyry consist of up 1o 30 vol % phenocrysts of
plagioclase (1-3 mm), K-feldspar (1-3 mm).
pyroxene (up o | mmj and bioie (up o 1.5 mm)
sel in o medium-grained feldspar-dominated
groundmass.  Plagioclase and  pyroxene  are
compositionally andesine and diopside 0 augite-
diopside, respectively. Accessory phases  are
magnetite.  The rock is affected by silicified-
propylitic alteration, resulling in replacement of
biotite phenocrysts by chlorite and feldspar
phenocrysts by minor sericite. Secondary quorn
and pyrite = chalcopyrite is seen as veinlet and
matrix. '

The bictite diorite porphyry show porphyritic
texture with aplitic matrix. Phenocryst minerols are
30-37 vol % plagioclase (andesineg, up to 3 mmy), 1-
2 vol % K-feldspar (up to 2 min) and 3-4 vol %
bintite (up 0 | mm). Accessory mineral is only
magnetite. This onit was affected by argillic-
silicified altermion. Most feldspar has been altered
o elay minerals such as Kaolinite and illite,

The homblende diorite porphyry characlerized
by porphyry texture and contains up to 35 vol %
phenocrysts, including 25-28 vol % plagioclase
(andesine, (0.5-2 mm), 1-2 val % K-fldespar (0.1-1
mm), 4-5 vol % homblende (0.6-5 mm) and rarely
<L3 vl % quanz (o 0.6 mm). Accessory mineral
15 magnetite, The rock was dominantly affected by
propyvlitic alteration. Homblende phenocrysis have
been altered to chlomte, epidote, calcite and
magnetite. Plagioclase phenocrysts  have been
reploced by caleite ton, Secondary quanz is seen,
The bitite pyroxene homblende diorite porphyry
has porphyritic texture with aplitic matrix and
normally contains up to 35 vol % phenocrysis,
comprising 25-30 vol % plagioclase (andesine, up
to 3 mm), 1-2 vol % K-feldspar (up to | mm), 2-3
vol % homblende (up w 3 min), 1-2 wol %
pymoxene (diopside 1o augite-diopside, up 10 1 mm)
and 1 vol % biotite (up 1o 2 mm). Magnetite is only
accessory  mineral, This wnin wis very weakly
affected by propylitic alteration. Minor chlorite,
cpidote and quartz are co mmon  secondary
minerls,

The homblende monzodiorite porphyry  is
porphyritic with aplitic groundmass. Phenocrvst
minerals are plagioclaze (20-25 vol %) up to | mm,
E-feldspar (4-6 vol %) less thanm 06 mm and
homblende (8-10 vol %) up to 2 mm. Accessory
mingral is magnetile, Plagioclase and homblende

have been aliered to sericite, epidoie, caléite,
chlorite and magnetite.

The pyvroxens botite homblende monzodionte
porphyry comprises of about 35-00 wvol %
plagioclase phenocrysts (<4 mm), K-feldspar {<3
mum}, hormblende (up o 3 mm), botte (<4 mm)
and pyroseoe jup to 2 mm)in a fine o medium-
graimed matrix. Plagioclase and pyroxene are
compositionally andesine and diopside 1o augine-
diopside, respectively. Magnetite is only accessory
mineral. This rock was very weakly altered. Rarely
narrow ((L2-0.5 mm) veinleis of guanz and mamor
chlorite are observed.

The homblende pyroxene divrite porphyry has
been recognized by porphyry texture with fine 1o
medivm-grained groundmass, Phenocryst minerals
consist plagroclase (10-13 vol %), K-feldspar (1
vol %), pyroxene (2-3 vol %) and hornblende ([-2
vl %), Plagioclase phenocrysis are up o L5 mm
and they have andesine-oligoclase composition, K-
feldspar and hornbiende phenocrysts are up o (L5
mm and 2 mm in diameter, respectively. Pyroxene
is compositionally diopside o augite-diopsade.
Minor chlonte, calcite and sencile are co mmon
secondary minerals in this rock,

The biotite pyroxene gabbro wis charactenized
by 4045 vol % phenocrysts, including 30-33 vol
T plagioclase {(up to 2 mm), 911 vol % pyroxenc
fup to | mm) amd <1 wvol % biotite (<05 mm),
Plagioclase and pyroxene are compositionally
labradorite and  diopside 1o augite-diopside.
respectively, Magneiile 15 s2en 05 pooessory
mineral,

Analytical results

Major, trace and REE clements analvsis of the
least ahered of mineralizavion-related intrusive
rocks at Maherabad are presented in Table 1.

The Si0; contem of sub-volcanic rocks vary from
B4.90 wi T 1o 6240 wi B (average Sith of 39, 39
wi %) (Tablel). A plot of S0, J (KA + MNagD)
[ 14] shows that Maherabad intrusive rocks pl in
the feld of monzonite, quartz monzonie, and
quartz diorite to gabbro (Fig. 4).

Plot of (ANEK versus AACNE) indicate that all
of the intrusive rocks are metaluminous with Al
/M0 4+ K0 > 1 and AlyOyf Cald + MuO + K0
< 1 (Fig. 5}

The K0 contents and K0 /[ Na:0 mtios of
rocks are between 2,00 wi %wﬂ,#tg’m’;i{"’nm 0,6l
to 1.36, respectively (Table 1) Al samples plot in
the high-K colc-alkaline 1o shoshonite [icids on the
KA versus Si0y diagram (Frg. 6) of { 16].
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Basél sl /.6 /MR bRY Ta concentrations, all intrusive rocks plot in the field of island arc (Fig
ore-related intrusive rocks of Maherabad plot in £
volcanic arc granite (VAG) field (Fig. 7) [17]. Plot
of RhZr versus Wb [18) shows that all of the

Table 1 Major, trace and REE elements analysiz of least altered of ore-related intrusive rocks Irom the Maherabad
porphyry Cu-Au prospect area

Wi % MA-52 | MA-6T | MA-130 | MA-ITE | MA-ST | MAUS MA-93 MA-126 | MA063
X BR0521 | BEOE2M | 679915 GI9TTS GHOEY2 GTET R GEOLED GRE33T
B 1997367 | 3507428 | 33USRGU | 35078AS | 3507060 | IS0TIH0 1597549 TR | 1SRMo
St 6341 | 6235 | sm7e | saw0 | 6242 | S177 62.75 5789 | 5387 |
Tila, 1147 052 0453 LLNH] 44 5% nsi (L5 il
Al 14.51 14Tk 15.15 1615 14.12 1449 1539 1511 1584
TFely 576 fu T.13 913 565 bS2 4 1K1 7. 7.45
Mui U7 0.2 U4 T 017 027 (i TRE] TRL]
Mo 7 3] 217 350 .52 FET] 46 193 370
Cab) 5.36 558 73 0 4350 7.63 435 732 130
Mag 3.31 A62 152 33 370 ik LIT 1.8 1X5
| 4.18 4103 2.y 2013 443 346 431 2.4 105
.0, 027 0.7 034 137 1129 [TET] .29 [TKT] [TET]
Lo 141 L3 23 083 0.1 353 212 235 S
Todal LW A2 101,52 10HL, [ L1t ] 5505 1901 58 544 HHT4 Bl ]
[ KOMNa©O | 132 [ 11 068 .60 130 114 .36 078 0.79
Mg 037 0,32 0,3 rH 032 a4 0115 033 04l
Y 168 150 174 ¥4 157 2w 74 76 03
Cr 3] £ 2 = T 20 114 5 T3
Mn 1087|1271 | 1560 1761 aih 603 i 033 3T
Co i 20 14 25 it [ 13 i 0
M 1 i 30 W | % 32 9 0 b,
Cu 1EH3 E 11 47 281 26 [ L[] 43
7n 05 723 [ it 76 252 3] i W
Cs 32 56 27 ) ih 16 s 3 E
Ba 1 4% (L2 974 Hu 1074 110 1133 | 1 [[AET
) P T T 38 W | a8 6 130 47 57
Sr T2 fip 1018 350 il E15 173 S P
i 14 14 17 1% 13 17 15 I M
7t 91 Wi oz a4 (T3 u% 170 (T3 a1
Nb 4 4 3 3 4 4 4 3 4
HI K3 L7 0.9 ) 0.9 0.8 F K 14
Ta 04 .4 3 .5 N 3 {LF A4 (1.4
Pb L] 462 12 E1 367 761 A T4 [EN)
T 1.1 0A a3 33 [ B2 07 ) 55
i) 27 %7 W 0.7 A LE_ 3 Ll 3
SeY 5143 a5 088 93 | 077 5147 11543 56.56 W
La 233 EEE] 199 16.5 i) 26, 6.8 03 253
Ce 45 45 413 32 434 566 S0, 427 536
Pr 53] %3 537 504 50013 .35 571 5.7 B 56
wd 703 717 6 ZL5 193 71 737 16 73
Sm a07_| 417 | & 260 306 557 35 1352 578
Ea 08 o7 ; 1.8 093 3 LI 1] 13
Gl 51 ] 371 4.45 37 359 0z kR T 495
Th K] (7Y 0.63 5T 57 iz [IEH] ) [T
Dy 2 %6 287 311 173 148 337 2 RA 3.0 A0k
T .56 .55 0.7 [Tk 1055 (TR .62 L6 i), My
Er Ieh | 1e8 | 133 213 132 165 .70 1,56 1%
Tm 023 0,25 L] .38 025 029 0,25 02 X5
¥h .71 1.6% 2113 17 160 K] LAz 19 T
Lu 020 02 | o028 (5D 026 ¥} 0.9 Tha |
EwEu 087 .54 043 085 | 08 079 | 083 | 0oy | DA
1LY By 9,04 0,44 Bl 495 S48 9. 35 a3 713 i AHp
(CeiYhly .50 i ER 526 ET 7.01 778 T.12 578 56K
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Fig. 4 classification of plutonic rocks by %Na:0) + K0 versus S50 [ 14],
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Fig. 5 Imrusive rocks of Maherabad plot in the field of metaluminows based on AMNK versus A/CNE dugram [15].
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Ta+'¥h
Fig. 7 Intrusive rocks of Maherabad plot in the ficld of VAG [17]. VAG = volcanic are granite, syn-COLG = syn-
collision granite, WIPG = within plaie granite, ORG = Ocenic ridge granite.
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Fig. § Intrusive rocks of Moherabad plot in the field of island arc setiing [ 18]

Rockfprimative mantle normalized spidergrams of
ore-related  imtrusive rocks of Maherabad  are
ploned in Fig. (9. All samples exhibit typacal
subduction — related signatures, They are ennched
in lurge-ion-lithophile-elements (LILE) such as Rb,
Cs, K, Ba and Th and relatively light REE (LREE)
iLa and Ce) relative to  high-field-strength-
elementz (HFSE) such as Nb, Zr, HI, and Ti and
heavy REE (HREE) (Yb and Lu). Depletion in Nb
and Ti is been interpreted to reflect a residual
phase in the source that fractionated Ti-Nb beaning

phases 19].

REE analyses of ore-related intrusive rocks of
Maherabad are shown in Table 1. Rock REE/
chondrite normalized of ore-related intrusive rocks
af Maherabad are plotted in Fig. ( 100, They exhibit
similar chondrite-normalized REE patterns (Fig.
10, which are characrerized by moderate hight rare
earth element (LREE) enrichment. and medium
heavy REE (HREE). Total REE = 100-180 ppm
and {La/Yhh = 4.98 to 9.92. The ratio of EwEu*=
0.79 1o 0.93, based on [21] {positive anomalies 1.0
< EwBEu* = L0 negative anomalies), Therefone
have small negative or no En anomalies.
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Fig, 10 Chondrite- normalized of REE diagram for Mahersbad snmples

Magnetic susceptibility

Granitic rocks were classified inlo magnetite-series
and  Hmenite-serics by Ishihara [22]. Ishihara
recopnized that in Japan there is a distinct spatial
distribution of granitic rocks that contain magnetite
coexisting with ilmenite and those that contain
Umenite 25 the only Fe-Ti pxide. He recognized
that the magnetite-series granitoids are relmively
oxidized whereas the ilmenite-series granitoids are
relatively  reduced. Gramites showing  mugnelic
susceptibility a value of = 3.0 %107 (51 units) are
classified as belonging to the magnetite-series [22].
Maogneiic susceplibility of ore-related intrusive
rocks of Maherabad is between 760 x 107 1o 7627
% 107 S, therefore they belong 10 magnetite-series
(Fig. 11}, Based on composition of intrusive rocks,
presence of  homblende, biotite amd  minor
pyroxene as main phenocryst minerals, presence of
magnetite as ¢co mmon accessory mineral and

magnetic  susceptibility  of the least  alered
intrusions. they are I-type granitoid.

Sr-Nd Isolopes

Rubidium-5r and Sm-Nd isotope data for
representative rocks from horablende  monzonite
porphyry (MA-126 & KH-88) samples are given in
Table {2 & 3). The imitial “'So™Sr and
("Nd/M" N was recaleulated to an age of 39 Ma
(unpublished duta).  Imitial "'Sr™Sr ratios are
07048 and 07047 (Table 2) and Iminal eNd
isotope values are 18] and 145 (Table 3). The
("N M) isotope composition for hornblende
monzodite  porphyry 0512713 and  OL5]12654
{(Table 31 Based on eMNd versus (VS0/™Sni
diagram, these rocks plot in the field of island arc
hasalts (Fig. 12). These values could be considered
a5 representative of oceanic slab-denved magnias,

]
limanite series

PSP TETEy U] PO P

L]
I

o wa R R v oea 300 e some won rasa w0 yns STD)
Magnelic suscoptibiity = 107 %I

Fig. 11 Magnetic susceptibility of least abered of one-related immusive mcks of Maherobad Table 2- Rb-5r lsodopic
annlysis of ore-related imtnisive rocks of Maherabad prospect area



26 Malekzadeh Shafaroudi., Karimpour, Mazaheri Journal of Crystallography and Mineralogy

Arcfmwﬁﬂﬂumﬂx unnl s of ore-related mnive mcks of Mahernbad prospect anea
Sr o o Uncemaney
Sangple AGE (Ma) ; . (ppm) R Se (5081} Ininizt ponicrinpin' {8
MA-I26 W 491 40 ik 1565 LTSRS {1, N
K-S w 66,1 493 03873 070756 i, (KHE 1 2
Table 3. Sm-Nd isptopic analyss of ore-related intrusive rocks of Maherabad prospect area
Bim B 14T, [ Tl 1]
Samgls S Nd Tl el 1
pPm_| ppm - '
" MA-136 | 439 | 2043 01264 0512713 181
KH-82 240 | 1163 L1251 R 1.45
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Fig- 12 The ore-celaied infrusive rocks of Maherabad plet m the ssland arc basalis (IAB) based on elNd versus

('S Sr)i dingram. MORE, IAB and OIB data from [23].

Discussion and Conclusions

Source of Magma

The Initial "S™Sr ratios of ore-related intrusive
rocks of Maherabad is 07047 1o 0.7048 and ihe
("N "Nd) isotope composition is 0512713 and
0.512694. Radiogenic isotope compositions of
Maherabad ore-refated intrusive rocks differ with
normal adakite, MORE and OIB fields. (7Se™Sni
and (""NdMNdy ratios in normal adakite are <
07045 and > 05129 respectively. MORB has
(8e™8r) < 0,704 and £Nd between + 4 and + &
Also, oceanic island basalts have lower (St Srhi
than investigated samples, Studied rocks have Rhb-
Sr and Sm-Nd compositions more similar to cale-
alkaline rocks inoisland arc. Based on radiogenic
izotope compositions, source of rocks is slab-
derived magma.

Geochemical  signatures  of  Maherabad
porphyry Cu-Au ore-related intrusive rocks have
somie similarity to adakite-like magmatism and dre
relatively chamcterized by Si0.> 59 wi %, Al:O, >
15 wt %, MpO< 2 wit %, NayO> 3 wt %, Sr> 870
ppm, Y< 18 ppm, 50fY> 55, moderate LREE,
relatively low HREE and enrichment LILE (Sr, Cx,

Rb, K and Ba) relative wo HFSE (Nb, Ta, Ty, Hf
and Zr) but they differ in some ways, including
higher K;O contents, K,O/Na,0) ratios and Yhy
and lower MpH, (LafYbly, amd (Ce/Yblx in
studied rocks (Table, 4),

Adakites ore infermediate to acidic volcane or
plutonic rocks that characterized by = 56 wi %
S0, = 15 wi % ALDy, = 3 wi % MO (rarcly =6
wh %), 35 w %< MO = 75 wil %, low
K:O/Na10 (- 0.42), high Mg # (- 0.51), high Ni
and Cr contents (24 and 36 ppm, r::s.]:lncrn'tlyl
high St (> 400 ppm) and initial “'Sr™Sr and
{"NAM N like 1o MORE. Rare canth clements
(REEY paterns are  strongly  fractionated
({LaYhiu=10) with iypically low heavy REE
(HREE) contents (Yb < 1.8 ppm and ¥< 18 ppm)
[24].

High concentration of Sr (= 550 ppm) (Table 1)
indicates  peochemical characteristics  different
from typical volcanic arc granite. In the So'Y
versus Y dingram, seven sarplesypfd AR, shsee ficld
of adakite and two mcks plot in the Geld of typical
arc-related cale-alkaline (Tag. 13).
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Fig. 13 Ore-related intrusive rocks of Mahernbad plogin the febd of sdakite to classical arc cale-alkaline based on S67Y

versas Y dingram [24).

High Sr of Maherabad mineralization-related
imtrusive rocks 15 similar to normal adakite rocks,
Also, Eu in the REE chondnite-normalized diagram
has small negative or no Eu anomalies, resulting in
relatively high Fuw/Eu® (0.79 1o 0.93). Eu™ behaves
similary to Sr and both widely substitutes for Ca™
in plagicclase [25]. The ennchment of Sroond the
sbaence of significant Eu anomalies indicate that
the source was plagioclase-free [26].

Y concepirations of investigated rocks are in
boundary between  calk-alkaline and  normal
adakite. In fact, moderately low Y contenls in
Maherabod inimusions could explain presence of
minor gamet as residunl mineral in the source
region,

The K:0 concemtrapons and K,O/MNa0 ratios
should be lower than 3 wi % and =042,
respectively  in o adakite: rocks. In Maherabad
samples, K0 contents are between 2.00 ond 4 .43
wi %o {average K0 of 3.40 wi %) and KO0
ratios are =1 in avernge (Table 4},

E-rich adakites have been sdentified in eastern
China [33], the Songpar-Garze fold belt (SGFB) of
the eastern Tibetan Plateau and southern of the
Tibetan Plitean [34]. These rocks, termed “C-type™
{continental-type) as descnbed by [33], have all the
geochemical  annbutes of typical subduction
related adakites, but with K:OMMNa0 =1 and they
are  distinctly more  potassic.  However,
comparisons . of E-adakite and shoshonitic rocks
have represented that shoshonite intrusive rocks
could be have high Sr and S but K-adakite have
higher S¢/Y (up to 100), (LafYbly and {CelYh)y
and lower Y (less o 10}, Therefore, Maherabad

ore-relnted intrusive rfocks are more similar o
high-K calc-alkaline 10 shoshomite than adakite in
5r, 50/Y contents and REE- normalized pattern,
Gold-rich porphyry copper depasits are intimately
related to potassic cale-alkaline and shoshonitic
rocks such as at Bajo de Ia Alumbrera, Argenting
[35]. Bingham, USA [36], Cadia, Australia [37]
and ete.

Potassic  calc-alkaline rocks are  gencrally
formed by partial melting of subcontinental
lithospheric mantle modified by previous slab-
derived fluids orfand melts [38]. Experiments have
demonstrated that  metasomatism  of  mantle
pendotite by hydrous, silica-rich slab melts can
produce a hybrid phlogopite pyroxenite [39]. Muss
balance calculations further show that 15 g of
trondhjemitic magmas, typical of slab melis; vield
I g of phlogopie upon reaction with perdotite
[40]. Portial melting of such hybndized mantle
would give rise o polassic melis, Also, potassivm-
rich shoshonites mainly onginoe from  partial
melting of an enrched mantle [41].

Therefore, there are an beast three possibilitics for
generation of high-K cale alkaline to shoshonitic
recks i eastern Iran:

I- Partial melting of hybridized mantle by
hydrous, sihica-rich slab-derived melis and

2= O input of entiched mantle-denved ulira-
potassic magmas, during the formation amd
migration of adakitic melis. .

3- =" Some K could be ﬂﬂ”myym'rﬂﬁlinn af
K-rich sedimentary rocks during emplacement of
IPITUSEONS,
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Ancther peochemical difference between adakitic
magnuitism and mvestgated rocks is lower Mg# in
Maherabad intrusions (Table 4). The interaction
between adakitic melt and peridotite is suggested
to be a possible mechanism for increasing the Mg#
vialue dunng the opward mugranon of the sdakitic
melts [42]. Also, MgO, Ni and Cr contents are
relatively low in the studied rocks. Interachion of
the slab melt with the overlay mantle wedge is
verified 1o be a possible mechanism for increasing
of MgO, Ni and Cr concentrations in normal
adakite by expenmental studies [43]. Therefore,
the decreasing thickness of the mantle vedge by
slab shallowing may explain the lower M0, Mg#,
M1 and Cr contents of Maherabad intrusions.

Most of samples of Maherabad  intrusive  rocks

150

have ¥b contents near boundary between calk-
alkaline and adakite snbfor higher  than nomml
adakite (Fig. 14) and average {La’Yb)y and
(Ce/Yhiy ratios less than 9.7 due 10 moderate Lo
andd Ce  relmive w Yb element. Chondrte-
normalized KEE patterns of Mahemabad samples
show medium fractiopated in LREE and have o (T
MEEE 1w HREE pattern. The presence of resscdal
gamet andior homblende accounting for the low
Y contents [44]. Adakite mell was prodeced
from  basaltic are  magma by frachonal
erystallization of & garnet-beanng assemblage [45).
Based on moderate Yb contents and low (LafY by
raties, the source of Maherabad ore-reluted
inrusive rocks are amphibalite. Slab shallowing
may explain lack of garnet in source.
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Fig. 14 The most af ore-relited intrusive rocks of Maherabad plot in the co-area to boundary of adakite mnd classical

arc calc-alkaline based on (La/Ybjy versus Yhy diagram [46],
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Depletioh /AMIRSEORETEY, Ti, #r, and HE of

investigoted pocks relanve 1w LILE 15 sumlar
subdoction-relued rocks. Models explaining the
characteristic  depletion of HFSE relative 10
elements of similar compatibility in subduction
zone magmas invoke either 1) the presence of
HFSE-rich minerals in the subduction regime or 2)
a selectively lower mability of HFSE dunng
subduction metasomatism of the mantle [47].
Presence of amphibole [48] or o residual titanae
phase, most likely nutile [49] in the sources of are
magmis can expluin depletion of HFSE. Some
expenimental works [50 & 51] take the position
that rutile must be present, in addition to garnet, in
opcer 1o explain the negative Ti and Nb anomalies
shown by adakine rocks in multi-element diagrams
normalized 1w pamitve-mantle  or MORB
concentrations, This implies magma penerstion at
P=1.5 GPa. Funthermore, the partition coefficients
for Nb between ilmenite or zircon and melt are op
to 50 [52], suggesting that negative Nb anomalies
can have altermative onigins, al P-T conditions
outside those required for rutile stability. Rather.
Dru mmond and Defant [24] proposed  thas
amphibole, whose Kd *%™ for Nb-Ta in
intermediate to felsic liquids s -4 [53], could be
the cause of negative Nb-Ta anomalies, This
hypothesis is very attractive, as amphibole is likely
to play a role during basall melting as well as
during subseguent ractional crvstallization. Baszed
on necessity of higher pressure for siability of
rutile relative to garnet and presence of minor
garnel as residunl mineral in the source region of
Maherabad intrusions, other Ti-Nb-beanng phases
{such s amphibole) could be explain depletion of
ihese elements,

Finally, Maherabad gold-nich porphyry copper
prospect area bas been formed by high-k cale-
alkaline to shoshonitic magma, whether derived
directly from partial melting of the subducted
oceanic slab associated with presence of low
garnet {lower than 10%) or garnet-free and without
plagioclase in melt residue in island arc sctting.
This magma has weakly interacied with mantle
wedge pendotite because of relatively low MgpO,
Cr and Ni and low Mg# contents due to slab
shallowing, Pamial melting of hybndized moamle
by hydrous, silica-rich slab-derived melis orfand

input of enriched mantle-derived ultra-potassic
magmas, during the formation and migration of
adakitic mehs could be explan high KO comenis
and KO/Na:O ratios in studied rocks.

Conclusions

In Maherabad Au-Cu porphyry prospect area, 39
Ma wears ago, numerous subvolcanic diorite,
quarts monzonile and menepnie were inireded
into voleanic rocks. The ore-beaning porphyrics ane
I-type, metaluminous, high-K  cale-alkaline o
shoshonite intrusive rocks which were formed in
island arc setting. Based on mineralogy and high
values of magnetic susceptibility [(>500) = 10"
811, these are classified as belonging w the
magnetile-series of oxidized I-type granitodds,
These rocks are charactenized by average of 5102
SO owh T, AIZOZ > 15 wi S, MeO< 2wt E
Na20= 3 wi %, Sr=> 870 ppm, Y< |8 ppm, Yh<
1.90 ppm, S50/Y> 55, moderate LREE. relanvely
low HREE and enrichment LILE (Sr, Cs, Rb, K
and Ba) relative o HFSE (Wb, Ta. Ti, HI and ).
They are chemically similar to some adakites, bt
their chemical signatures differ in some ways from
normal adakites, including higher KO confems
and K OMNa0 rapos and lower MgR, (Lo by
and (Ce™bly in Maherabad rocks. Maberbol
intrusive rocks are the first K-rich adakites that can
be related with subduction zone.

The initial “SH™Sr and ("'Nd/"Ndji was
recialculated 1o an age of 39 Ma (unpublished data),
Initial Y'Se/™Sr ratios for homblende monzonite
porphyry are 0.7047-0.7048. The ('Ndr™*'Ndji
isotope composition are (.512694-0.512713. Initial
¢ Nd isotope values 1.45-1.81. These values could
be considered as represcnlative of oceanic slab-
derived magmas.

Partinl melting . of mantle hylridized by
hydrous, silica-nich slab-derived melts orfand input
of enriched mantle-derived ulira-potassic magmas
during or prigr 1w the formation snd mgrlwmn of
adakitic mehs could be explun their high KO
contents and K.OMNnO mtios. Low Mgh values
and relatively low MgQ, Cr and Ni contents imply
lmited interaction between a:ln‘lgz-'kc magma
and mantle wedpe pﬂﬂmmw. r.'l!:'u.uhrlmg
indicates that high-degree of partinl  melting
(relatively up to 50%%) of a bazalne garnet-bearing
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(lowes icd v/ svphlbolite 1o amphibolite
lacking plagiosclase as a residual or source mineral
can explain most of the moderae io low Y and Yh
contents, low (LaYbjy, high S0/Y ratios and lack
of negative anomaly of Eu in the rocks of the
district.

These nformation  verified presence  of
subduction-related Cu-Au mineralization spatially
porphyry-type deposits in east of Irmn. Therefore,
detailed peclogical works and further exploration
of porphyry copper deposits should be considencd
more in this area, East of Iran could be second
porphyry copper belt after Urnmich-Dokhtar belt.
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