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1. Introduction

ABSTRACT

The Malayer-Boroujerd plutonic complex (MBPC) is part of the Sanandaj-Sirjan continental arc
of Iran resulted from subduction of Neotethys oceanic crust below Central Iran microcontinent.
A number of adakitic samples have recently been reported in the MBPC. This study shows that
among the various petrogenetic processes responsible for the formation of adakitic rocks, two have
been suggested in the genesis of those from the MBPC. i) interaction of crust-derived magma with
ultramafic rocks and ii) crystallization of amphibole from a more basic magma. The former process
leads to formation of intermediate to basic magma that subsequently crystallized amphibole in the
ultramafic rocks. Amphibole growth was associated with textural and chemical changes toward the
rim. Chemical modeling shows that amphibole growth was coeval with assimilation of olivines
that their residue are remained as inclusions in the amphibole. The magma that formed the rim of
amphiboles had higher Th, Zr, Ta and LREE but lower Ti and HREE than the core-forming magma.
Assimilation of olivine during the amphibole growth prevented a decrease in Ni and Co content of the
remained magma. Comparable chemistry of the rim-forming melt and MBPC adakitic rocks suggest

that they are of the same origin..

peridotites (e.g. Wang et al., 2005), and ii) amphibole crystallization

Adakite commonly refers to a rock that mainly formed in
subduction zones by melting of subducting oceanic crust previously
metamorphosed to amphibolite and eclogite facies (Castillo, 2012).
Peculiar of adakites is the high Sr/Y (>20) and La/Yb (>20) ratios
(Castillo, 2006). Notwithstanding, in the group of adakitic rocks we
can find rocks with comparable chemical features as adakites but
formed in arc or even non-arc environments by different petrogenetic
processes (Castillo, 2006 and 2012). Two important processes
are proposed at the origin of adakitic rocks are: i) interaction

of melts derived from the continental or oceanic crust with

from a primary basaltic melt (e.g. Tiepolo et al., 2011).

Recently, adakitic rocks are identified in the Malayer-Broujerd
Plutonic Complex (MBPC) in the central sector of the Sanandaj-
Sirjan zone (Fig. 1). In this paper we discuss the genesis of these
rocks. According to Esna-Ashari et al. (2016), a primary acidic melt
intruded the ultramafic rocks. Melt-rock interaction process lead to
formation of a new liquid that subsequently crystallized amphibole
in the ultramafic rocks. In this paper we show that crystallization

of amphibole was associated with assimilation of olivine. The final
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magma from which amphibole rim crystallized is chemically very
similar to MBPC adakitic rocks suggesting that amphibole rims and

adakitic rocks have the same origin.

2. General Geology

The Sanandaj-Sirjan Zone (SSZ) of Iran is an active
continental arc that resulted from subduction of the Neotethys
oceanic crust below the Central Iran continental crust
(e.g. Berberian and Berberian, 1981). MBPC is located in the
central sector of the SSZ (Zhang et al., 2018). The Aligoodarz
plutonic complex is located along the MBPC and in its southeast
(Fig. 1b). U-Pb dating of most of the felsic to ultramafic rocks of
these complexes revealed crystallization in the Middle Jurassic
(Ahmadi Khalaji et al., 2007; Esna-Ashari et al., 2012 and 2016;
Deevsalar et al. 2017). Despite rare exposures (Fig. 1b), ultramafic
rocks are voluminous in crustal depths. Interaction of felsic magma
with ultramafic rocks contributed to formation of the intermediate
to mafic rocks in the Aligoodarz and MBPC complexes and also
formation of the amphiboles in the ultramafic rocks
(Esna-Ashari et al., 2016; Esna-Ashari and Tiepolo, 2020 and 2021).

3. Research methodology

In this study, the role of amphibole crystallization in the formation
of adakitic melt has been investigated. Therefore, the zoned
amphiboles from the Aligoodarz ultramafic rocks were analyzed
from the core to rim to explore the variation of abundance of
trace elements. The results of Laser Ablation ICP-MS analyses
of amphiboles, which were carried out at the CNR-Istituto di
Geoscienze e Georisorse (IGG), UOS of Pavia, Italy, are presented
in Table 1.

4. Petrography

The Aligoodarz Ultramafic rocks varies from olivine-hornblende-
pyroxenite to olivine-pyroxene-hornblendite. Olivine, pyroxene and
amphibole are the major rock forming minerals (Fig. 2). Amphiboles
are zoned: cores are brown and gradually changes to light brown
and then green toward the rims (Fig. 2b and e). Amphiboles show
poikilitic texture and have olivine inclusions. Olivines display
rounded and lobate grain boundaries with numerous embayment
suggesting assimilation during reaction with the surrounding melt
(Fig. 2a-d). Some olivine inclusions are surrounded by both green
and brown ampbhiboles. In such cases, parts of the olivine that are
surrounded by the green amphibole are more reacted than the parts

that are surrounded by the brown amphibole (Fig. 2a-c).

5. Mineral chemistry
Brown amphiboles are pargasitic but light brown and green ones are

edenitic hornblends. Incompatible trace element patterns of brown,

light brown and green amphiboles are displayed in fig.3 Light
brown amphiboles are compositionally intermediate between the
other two types. Green amphiboles have lowest Ti content. LREE
and HREE are more abundant in green and brown amphiboles
respectively. Therefore, LREE/HREE ratio increases from brown
amphibole (La/Yb_=1.1) to light brown amphibole (La/Yb =2.0)
and then to green amphibole (La/Yb=8.1). In the binary variation
diagrams a gradual compositional variation observes from the core
towards the rim. La, Ce, Zr, Hf, Ni and Co show an increasing

trend, while Yb, Y and Ti show a decreasing trend (Fig. 4).

6. Discussion and conclusion

Chemical composition of the melt in equilibrium with green
amphibole has been calculated by using (i) partition coefficients of
amphibole (Tiepolo et al., 2007) and (ii) the chemical composition of
the green amphiboles represented in Table 1. N-MORB normalized
incompatible trace element pattern of this melt show negative Nb
anomaly and high LREE/HREE ratio typical of arc magmas. By the
same way Esna-Ashari et al. (2016) calculated composition of the
melt in equilibrium with brown amphibole and showed origination
by interaction of a felsic melt with ultramafic rock.

Compositional variation from brown to green amphiboles
can be attributed to the variation of chemical composition of
the equilibrium melts during amphibole growth. Fractional
crystallization modeling shows that amphibole crystallization can
explain the observed changes in chemistry of the equilibrium melts
(Fig. 6). The exceptions are variations of compatible elements Ni
and Co because despite the expectation they are not decreased
toward the rim.

Petrographic observations (Fig. 2) suggest assimilation of olivine
during amphibole crystallization. Olivine assimilation can buffer
the content of Ni and Co in the remained melt because they are
very abundant in the olivine. Considering the melt in equilibrium
with the average brown amphibole as the starting composition and
olivine as the assimilated material, the Assimilation and Fractional
Crystallization process (AFC) can explain the variation of Ni and
Co in the amphibole (Fig. 7).

The melt in equilibrium with green amphibole that is the final
product of the AFC process is chemically very similar to MBPC
adakitic rocks suggesting that adakitic rocks and green amphibole
have the same origin (Fig. 5). This genetic process of a melt
with adakitic signature is comparable to what is proposed for the
origin of the adakitic melts from Adamello Batholith in central
Alps (Tiepolo et al., 2011).

A well-known way to distinguish adakites from other magmatic
arc rocks is to use St/Y vs. Y diagram (Fig. 8). In this diagram, the
melts in equilibrium with different parts of amphiboles in addition

to the MBPC adakitic rocks are plotted. There is a continuous trend
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from brown to green amphiboles. The latter have a composition
comparable to MBPC adakitic rocks.

Figure 9 summarizes the processes that contributed to formation
of the MBPC adakitic rocks. Melt-rock interaction process lead
to crystallization of brown amphibole. The remaining magma
continued to crystallize amphibole and simultaneously assimilated
olivine to produce a melt chemically comparable to adakitic rocks.
Some MBPC adakitic rocks are characterized by low
content of SiO, (~55%) but high Mg# (~54). According to
Castillo (2012), adakitic rocks with these chemical features are

109

similar to high-Mg andesites of boninitic and sanukitoid types.
Interaction of a primary melt with ultramafic rock is a process
that can play an important role in the formation of these high-Mg
andesites (Tiepolo et al., 2011; Castillo, 2012). Previous studies in
the central sector of the SSZ have shown occurrence of boninitic
ultramafic rocks (Esna-Ashari et al.,, 2016) and their role in
the formation of sanukitoids (Esna-Ashari and Tiepolo, 2020).
This study showed that how ultramafic rocks have played a
role in the formation of another type of high-Mg andesites,

i.e. adakitic rocks.
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Figure 1. a) Map of Iran showing the location of the Sanandaj-Sirjan zone and the Malayer-Boroujerd plutonic

complex; b) A simplified geological map showing the locations of the Malayer-Boroujerd and Aligoodarz complexes

(After Aghanabati, 1990). Locations of the outcrops of the ultramafic rocks are after Esna-Ashari et al. (2016) and

Deevsalar et al. (2017).
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Table 1. Trace elements composition (ppm) from core to rim of amphibole grains. B=Brown; LB=Light Brown; G=Green

core transitional zone rim
Element B B B LB LB LB G G
Li 1.36 1.83 1.18 2.03 1.65 2.08 2.75 3.14
Sc 71.7 96.0 96.7 55.9 74.1 41.7 259 23.5
Ti 14710 17053 16916 5557 15176 2320 934 516
v 426 293 285 364 428 226 122 79.2
Cr 5639 5890 6620 4994 5453 2020 1192 1211
Co 54.7 54.5 54.3 63.1 54.1 57.2 61.6 59.3
Ni 580 570 563 532 602 584 703 664
Zn 37.3 41.0 42.9 64.5 38.5 39.6 29.0 33.6
Rb 3.41 4.09 3.79 0.474 3.36 222 2.29 1.22
Sr 70.3 68.9 69.2 58.2 73.1 45.9 41.8 59.3
Y 68.4 87.9 91.4 46.2 67.2 55.5 30.8 14.6
Zr 85.6 91.1 88.5 114 76.8 189 178 238
Nb 16.0 12.3 10.0 11.2 15.6 25.8 24.1 13.4
Cs 0.025 bdl 0.006 bdl 0.031 0.003 0.057 0.027
Ba 44.1 46.0 455 5.45 47.4 18.7 14.6 12.3
La 13.7 12.2 11.3 13.9 12.1 25.7 25.6 40.5
Ce 51.2 47.0 45.9 454 452 94.9 89.4 107
Pr 8.87 8.37 8.36 6.70 8.36 13.6 11.6 10.6
Nd 46.4 473 47.0 322 43.6 58.9 43.7 29.1
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Sm 12.7 15.2 15.0 9.67 12.2 12.3 7.13 3.05
Eu 1.46 1.54 1.31 0.844 1.52 1.56 1.30 1.12
Gd 13.2 15.6 15.2 8.06 14.5 10.1 5.66 2.20
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Pb 1.49 0.964 1.01 1.31 1.37 0.993 1.27 1.36
Th 0.325 0.316 0.347 1.87 0.397 0.711 0.943 1.47
U 0.099 0.071 0.068 0.683 0.119 0.270 0.426 0.657
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Figure 2. Microphotographs showing textural features of amphibole. Many olivine inclusions are characterized by rounded and lobate grain boundaries
with numerous embayment (a, b, ¢ and d). The amphiboles show compositional zoning. They are brown in the core and gradually change to light brown
and then green towards the rim (a, b and e). Dashed red lines divide the olivines into two parts: 1) the part surrounded by brown amphibole and ii) the part

surrounded by green amphibole. The latter part displays higher degree of assimilation. All photographs are taken in plane-polarized light. B = Brown;

LB = Light Brown; G = Green.
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Figure 3. Chondrite-normalized incompatible trace element patterns of brown, light brown and green amphiboles.
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Figure 4. Binary diagrams showing variation of abundances of trace elements from core (dark brown color) to rim (light brown and

green) of the amphiboles.
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Figure 5. N-MORB normalized incompatible trace element pattern of the melt in equilibrium with average

green amphiboles. MBPC adakitic rocks (Zhang et al., 2018) are also shown for comparison.
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Figure 6. Binary variation diagrams showing the variation of Y relative to other trace elements in the melts in equilibrium with brown,

light brown and green amphiboles. The curvilinear trends display calculated variation trends produced by fractional crystallization of

amphibole. The starting composition corresponds to average composition of the brown amphibole. The length of the trend corresponds

to 90% progress in fractional crystallization.
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Figure 7. Binary variation diagrams showing variation of Ni and Co versus Ti in the melts in equilibrium with brown, light brown

and green amphiboles. Two trends in the diagrams are showing the variation trends that are produced by fractional crystallization

(FC) and AFC processes. The starting composition corresponds to average composition of the brown amphibole. Variations observe

in the composition of amphiboles correspond to the variations that AFC produce. The length of the trends corresponds to 90%

progress in the FC or AFC processes except the length of the FC trend in the Ni versus Ti diagram that corresponds to 50% progress

in amphibole fractionation. R values are relative ratios of assimilated olivine to crystallized amphibole in the AFC modelings.

Olivine composition is after Esna-Ashari et al. (2016).
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Figure 8. Sr/Y versus Y diagram to discriminate adakitic rocks from typical magmatic arc rocks. The melt in equilibrium with green

amphibole plot in the field of adakitic rocks but the melts in equilibrium with brown and light brown amphiboles plot in the field of

normal arc lavas. MBPC adakitic rocks are plotted for comparison.
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Figure 9. Schematic diagram showing the origin and evolution of the amphiboles in the ultramafic rock. Intrusion of felsic
magma into the ultramafic rock and subsequent interaction caused formation of a new magma that crystallized brown amphibole
in the host ultramafic rock. Continuous crystallization of amphibole caused amphibole to grow larger. Amphibole growth was
associated with the assimilation of olivines. Crystallization of amphibole and assimilation of olivine caused formation of a new
magma that crystallized green amphiboles as the rims surrounding the earlier formed amphiboles. This new magma has the

same chemical composition as the adakitic melts.

\Y-



1PP=10V:(1) PP FoP (o) pgle/glgsous goumlo g 6 el ol /... amgozo SIST (glodSiuw (5 uSUSH 5> T Uiy 9 Jgasbol jghs

SpSaxi —Y

050 & b sl 3250 = e 48 e (ASTT Slaein (8 IS oo
48 garma o) S glonn 534S ol Sl oK 55 o (slad pmaieT S5
Al & 5 ol Ky (loggd b gie] ol (655 0 SiSw Lls 13
3 Slo g SUad paT S or okl 5 S po 41 lmd S 5 K
0335 4 335 31 ey 5 adls ¢SCuds OS5 Il 3 8 Wlods sz LS L
Loy el @Bl i @35 B OT Coale 0T L 280 5 oSGl 31 K
Slassh Sl o oiledl GLS Glacd S5 i 4 i ady) J e
okd Eely folge ool Llodd oo LS 0955 J gk 5 k5 o 53 o8 (o)
Olde b alie gl S5 codkd o slad pmie 5ol Eol &8 Llg LS LG
315 0L 3 o5 = e 2ST15T (lacKin L LS le ol a i sl asls 2ST1sT
21T 6l 1y Gl ol Ol 5 ool plis s (ilin gl oS 5
G Olen b o J g T ooins 1S5 slle gt S 5 .05 8l
Coatl (5 f 550 pl 5 il 5 5 (8 Say 5T 4 4k (2STST
oy SN o e Clh 4 mmte Slalllas i | dBb s e ! andllas
s g (S IS 055 & Samy plie 53 5355 0 OST (15 55 (e
LS oSS

S5 35wl —A

el 5 ply oils hass Cislas by ash oal slaayja Sl i
S 31T o Jes s 1,08 Cislee ol Sl dewyop s ST Gl o
Ldf@jbu g_)‘)j‘ajcb\)y-\.:wf"s: éuTubWLGA‘;
Solg Llosd Jlae ol (A4S mhaw i) Eol cokijle DL i @),
.ﬁJlsgrﬁkgllJ:)&@bJﬁ)ﬁ

o ik 30 BT Cusal 5 pis Jl G locaywl V-5
0L g — g g
J55 %00 55las b s g 5 — 5e 4s sazms &f‘:TéU&&.«): v...:l:.w)l.xia
(Castillo, 2012) 52l 55l 4 oy 0 OF b 55 T i sk 5 ol aily
Afﬁ\:.::&WLBJ}‘.&)‘J&Y\{ﬁ}:LA}V.{MA{é{‘)T&L&&.ﬂ
Ll g s gy S Bl 5 (2ids £ 5 e Sl (B by 3UT S S
55 ST s jles S cpl JSCts gy il b 55 i ls T L wlies S5
S g 5 0dinss b oo ) s 33 =) A ke S Sl os 43 S
S o2 2 =Y 5 (Castillo, 2012) s £ s b OT 51 Juols Ol
el Ol jon 555 5 o ol man (Sl A1 &K by 15k a5l sLSLe &S
5503 Sl A1 gl 2 adnl b opl 633 a5 (Tiepolo et al., 2011)
£33 43 (15T slacSen 1S5 (gl ol SIS B b 2ST15T oS
CLLSl S e 45 S5 53 BT ol 5 o YU glalid 4 (o5L
oo 5 ol Gl (Sl pane

Sl S 285 Olor o = kit Jl g Gloe i )3 238 Sl
Sl 0313 0L o i 51 8 Sl 34T oale b slaeSn Koo 125 55 1,
35 9 Ui 4a)les (Esna-Ashari et al., 2016; Esna-Ashari and Tiepolo, 2020)
ST 51 6,3 g ST s Sl slaen 4,85 o s 0l
e S ) 25 2S15T e s o soe ) 8

oSl oS5 LT ol Cals e 51 (2 slacy 5T Coeal s

Ot A gy e Oem sl ol Qlji.i&)}f i SRRV NP TRRGI RV v
e 3gms oplply (e.g Kelemen, 1995) Wlos ;5T (g5, S ol andllae 4
5 Slalllas Sl ae) WlH gr Obr o —g ki g Sl i 3 e
sl ailate ol 3 (5 Fes S Slidew

S s

I3t 5 Oslee yl55 NIY0r e alie Ol oS b laeKan 4k YV g (ST

Ol gwlid e anlihiad agbate ol slady il $ Vﬁ’ wlerd 85 Ll 5 (01 ©8) Ol e —Te S Sl G s B v,a._;L.,ft. AYAY o cosljma 5 0 o )
.http://geology.saminatech.ir/fa/Article/9361 47-Ad o &+ ol (i Jle YA Ol

Ol ol S 5 ol gl oo JpmheT 5 S 5 ST a5 ool i ot w2 32 Capmd 518 2158w YR8 G (L3 5 p e mad o s e 81
.1564-fa.html-https://ijcm.ir/article-1 N+ YY = V424 5 F o,led A 5 Sy Jl

ol 5 o Il Ol gl SIS 5 ol sl o LSl S s 53 sl 255 5 e atlate ST (Sla e 3 o ol ol ATAD 5 (OLS g o 3 15 e 31
.https://ijem.ir/article-1-html 123-fa \oF- V0 2 () o)les

i Jlo (535055 a8 ST Ol (abacd oS53 Lol 5 05 T 25 5 Ol o — it 15 Gle (i 53 Sl (gadSin Y8 (.0 0l g o 5 (s 20 31
https://ijp.ui.ac.ir/article_22393.html?lang=fa #% - ¥0 o &Y o le2

AYAA el ¢&_.aj r)l.o @J& PR HEY) c[)lgﬁ J}B < Aé\an} uj}.‘.u slj.ﬂlf &S\AT ‘5\.&(,.:.»13 «5“':‘:'J:‘J 9 wu&» AYAA "C LWE RS ‘&GBGS&LIZJ op ﬂj’lf)‘gTL;J.w‘
.https://www.gsjournal.ir/article_102920.html .Y0+-YF\ o W\ F ol 5 Loy Jl

References

Ahmadi Khalaji, A.A., Esmaeily, D., Valizadeh, M.V., and Rahimpour-Bonab, H., 2007. Petrology and geochemistry of the granitoid complex of Boroujerd,
Sanandaj-Sirjan Zone, Western Iran, Journal of Asian Earth Sciences, 29, 859- 877.

Atherton, M.P., and Petford, N., 1993. Generation of sodium-rich magmas from newly underplated basaltic crust, Nature, 362, 144 -146.

Berberian, F., and Berberian, M., 1981. Tectono-plutonic episodes in Iran. In: Gupta, H.K., Delany, F.M. (eds) Zagros—Hindu Kush-Himalaya Geodynamic
Evolution. American Geophysical Union, Geodynamics Series, 3, pp. 5-32.

Castillo, P.R., 2006. An overview of adakite petrogenesis, Chinese Science Bulletin, 51(3), 257-268. https://doi.org/10.1007/s11434-006-0257-7.

VY



1PP=10oV:(1) PP 1 FoP (o] pgle/glgus gomlo g 5 el gaol/ ... aegozo GLSIST (sl 5 pSUSHD 5> T Uisds 9 Jgasbol jolss

Castillo, P.R., 2012. Adakite petrogenesis, Lithos, 134- 135, 304- 316.

Davidson, J., Turner, S., Handley, H., Macpherson, C., and Dosseto, A., 2007. Amphibole ‘sponge’ in arc crust?, Geology, 35, 787-790.

Deevsalar, R., Shinjo, R., Ghaderi, M., Murata, M., Hoskin, P.W.O., Oshiro, S., Wang, K.L., Lee, H.Y., and Neill, I., 2017. Mesozoic- Cenozoic mafic magmatism
in Sanandaj-Sirjan Zone, Zagros Orogen (Western Iran): Geochemical and isotopic inferences from Middle Jurassic and Late Eocene gabbros, Lithos,
284- 285 ,588-607.

Defant, M.J., and Drummond, M.S., 1990. Derivation of some modern arc magmas by melting of young subducted lithosphere, Nature, 347, 662—665.

Dorais, M., and Tubrett, M., 2008. Identification of a subduction zone component in the Higganum dike, Central Atlantic Magmatic Province: A LA-ICPMS
study of clinopyroxene with implications for flood basalt petrogenesis, Geochemistry Geophysics Geosystems, 9, 1-13.

Esna-Ashari, A., and Tiepolo, M., 2020. Petrogenesis of gabbroic rocks from the Malayer plutonic complex (Sanandaj-Sirjan zone, west Iran), Periodico
di Mineralogia, 89, 91- 104.

Esna-Ashari, A., and Tiepolo, M., 2021. Reply to Deevsalar and Shinjo (2020) comments on “Petrogenesis of gabbroic rocks from the Malayer plutonic complex,
Sanandaj-Sirjan zone, west Iran” (Esna-Ashari and Tiepolo, Periodico di Mineralogia 89, 91-104, 2020), Periodico di Mineralogia, 90, 211- 215.

Esna-Ashari, A., Tiepolo, M., Valizadeh, M.V., Hassanzadeh, J., and Sepahi, A.A., 2012. Geochemistry and zircon U-Pb geochronology of Aligoodarz granitoid
complex, Sanandaj-Sirjan Zone, Iran, Journal of Asian Earth Sciences, 43, 11- 22.

Esna-Ashari, A., Tiepolo, M., and Hassanzadeh, J., 2016. On the occurrence and implications of Jurassic primary continental boninite-like melts in the Zagros
orogen, Lithos, 258- 259, 37- 57.

Kelemen, P.B., 1995. Genesis of high Mg-number andesites and the continental crust, Contributions to Mineralogy and Petrology, 120, 1- 19.

Kelemen, P.B., Joyce, D.B., Webster, J.D., and Holloway, J.R., 1990. Reaction between ultramafic rock and fractionating basaltic magma. Experimental
investigation of reaction between olivine tholeiite and harzburgite at 1150-10508C and 5 kb, Journal of Petrology, 31, 99-134.

Qian, Q., and Hermann, J., 2010. Formation of high-Mg diorites through assimilation of peridotite by monzodiorite magma at crustal depths, Journal of Petrology,
51, 1381- 1416.

Qu, X.-M., Hou, Z. Q., and Li, Y. G., 2004. Melt components derived from a subducted slab in late orogenic ore-bearing porphyries in the Gangdese copper belt,
southern Tibetan plateau, Lithos, 74, 131- 148.

Rollinson, H., and Martin, H., 2005. Geodynamic controls on adakite, TTG and sanukitoid genesis: implications for models of crust formation, introduction to
the special issue, Lithos, 79, ix—xii.

Tiepolo, M., Oberti, R., Zanetti, A., Vannucci, R., and Foley, S.F., 2007. Trace-element partitioning between amphibole and silicate melt, Reviews in Mineralogy
and Geochemistry, 67, 417- 452.

Tiepolo, M., Tribuzio, R., and Langone, A., 2011. High-Mg Andesite Petrogenesis by Amphibole Crystallization and Ultramafic Crust Assimilation: Evidence
from Adamello Hornblendites (Central Alps, Italy), Journal of Petrology, 52, 1011- 1045.

Wang, Q., McDermott, F., Xu, J.F., Bellon, H., and Zhu, Y.T., 2005. Cenozoic K-rich adakitic volcanic rocks in the Hohxil area, northern Tibet: lower-crustal
melting in an intracontinental setting, Geology, 33, 465—468.

Yogodzinski, G.M., and Kelemen, P.B., 1998. Slab melting in the Aleutians: Implication of an ion probe study of clinopyroxene in primitive adakite and basalt,
Earth and Planetary Science Letters, 158, 53- 65.

Yumul, Jr. G.P., Dimalanta, C.B., Faustino, D.V., and De Jesus, J.V., 1999. Silicic arc volcanism and lower crust melting: an example from the central Luzon,
Philippines, Journal of Geology, 154, 13- 14.

Zhang, Z., Xiao, W., Ji, W., Majidifard, M.R., Rezaeian, M., Talebian, M., Xiang, D., Chen, L., Wan, B., Ao, S., and Esmaeili, R., 2018. Geochemistry,
zircon U-Pb and Hf isotope for granitoids, NW Sanandaj- Sirjan zone, Iran: Implications for Mesozoic-Cenozoic episodic magmatism during Neo-Tethyan

lithospheric subduction, Gondwana Research, 62, 227- 245.

\YY



