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Introduction

Dogan mining area is located on the northern edge of Iran's central desert
plain and northwest of Toroud village. Structurally, the area is a part of
Central Alborz, Eastern Alborz, and Central Iran zones, which gave rise to
the formation of deposits and a diverse metallogenic environment.
Geologically, this area is a part of Toroud-Chah Shirin (TCS) belt, a Tertiary
base metal and gold-silver mineral region in northern Iran. The TCS belt
consists mainly of Eocene volcanic and pyroclastic rocks, equivalent to
subvolcanic and intrusive bodies, although there are scattered outcrops of
metamorphosed Paleozoic and Mesozoic rocks. Structural patterns are
controlled by two principal strike-slip faults, Anjilow in the north and
Toroud in the south, both trending NE. So far, no detail study has been
carried out on the study area in terms of separation and investigation of
intrusive bodies, and only one subvolcanic microdiorite body has been
introduced in the previous studies in this area. While, the overall data
obtained from detailed field surveys, drilling core as well as petrographic
studies indicate that at least three subvolcanic bodies have been identified
injected in the area in a telescopic form, and all three are the carriers of
copper mineralization as disseminated and vein-veined forms. Therefore, the
petrographic and geochemical characteristics of, these bodies are the purpose
of the present study.

Regional Geology

andesitic  lavas, pyroclastic tuffs, and various
subvolcanic bodies. The subvolcanic bodies are

The main volume of rock units in the study area, relatively diverse in composition, and the greatest areal
based on 1:1000 geological map of Dogan area, includes extent of these bodies is in the northeastern, central, and
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southeastern parts of the region. The nature of these
subvolcanic bodies are as follows:

Porphyritic quartz monzonite to quartz
monzodiorite (Qmz): A large part of the central part of
the study area is surrounded by porphyritic body, which
is older than the other bodies and is injected into Eocene
units.

Porphyritic diorite to microdiorite (Dr): This unit
lies in the central part of the area with a less extensive
distribution than that of the Porphyritic quartz monzonite
body. This body in the central part cuts the Porphyritic
quartz monzonite body and is, therefore, younger in age,
but its cutting by the dykes of the porphyritic quartz
diorite body indicating it is older than this body.

Porphyric quartz diorite to granodiorite (Qdr):
As the youngest body as well as less extensive area than
that of the existing bodies, is exposed in the central part
of the area.

Analytical methods

In this study, after field investigations and sampling
of drill cores, about 200 thin sections were prepared
from the collected samples for petrographic studies and
about 60 polished sections for mineralogy studies. After
microscopic studies and separation of intrusive units, 15
samples with minimal alteration were analyzed in the
laboratory of Zar Azma Company to measure the main
oxides and determine the abundance of trace and rare
earth elements by XRF and ICP-MS methods.

Petrography

Porphyritic quartz monzonite to quartz
monzodiorite (Qmz): Microscopically, this porphyry
body ranges from quartz monzonite to quartz
monzodiorite, exhibiting a porphyritic texture with a
fine-grained matrix. Main minerals include plagioclase,
K-feldspar, and quartz, with accessory amphibole,
biotite, apatite, zircon, and opaque minerals. Plagioclase
and K-feldspar phenocrysts are pseudomorphed by
sericite and carbonate, while ferromagnesian minerals
(amphibole, biotite) are altered to chlorite and magnetite.
Secondary minerals including sericite, chlorite,
carbonate, and iron oxides result from alteration.

Porphyritic diorite to microdiorite (Dr): These
rocks dominated by the presence of plagioclase and
amphibole and small volume of quartz, apatite, zircon,
and opague minerals. They display a microlithic
porphyritic ~ texture, with  subhedral plagioclase
phenocrysts (showing mixed zoning) in a microlithic
matrix of plagioclase and quartz. Plagioclase is altered to

sericite and clay minerals, while amphibole phenocrysts
are pseudomorphed by chlorite and iron oxides.
Secondary biotite, actinolite, and ore accumulations
occur, alongside potassic alteration.

Porphyritic quartz diorite to granodiorite (Qdr):
The essential minerals of this body’ are plagioclase, K-
feldspar, and quartz, with accessory zircon and apatite as
well as porphyritic texture with a fine-grained matrix.
Plagioclase exhibits mixed zoning; amphibole is partly
altered to chlorite. Biotite appears as primary (magmatic,
altered to chlorite and iron oxides) and thesecondary
(hydrothermal, flaky, brown). Chloritization and iron
oxide precipitation are common.

Discussion

As the SiO; versus Zr/TiO, diagram display the
subvolcanic bodies in the Dogan mining area are
dominated by granodiorite, tonalite, and diorite/. These
I-type granitoids are calc-alkaline to high-K calc-
alkaline and metaluminous to peraluminous nature
formed in a continental arc setting. Geochemical data
show depletion in Sm, Nd, Ti, and Y and enrichment in
LILEs (Ba, Rb, Cs, K), consistent with subduction-
related magmatism. The REE patterns display LREE
enrichment over HREE, further supporting a subduction
origin. Low Th/Nb and Ba/Th ratios point out to
subduction zone fluids/melts and crustal contamination.
The elevated Y/Rb ratios may reflect subduction
enrichment or crustal input.

The parental magma likely originated from a
metasomatized mantle wedge, influenced by fluids from
subducting  oceanic lithosphere, and underwent
fractionation and crustal contamination during ascent.
On Y versus Sr/Y and Yb, versus (La/Yb), diagrams,
the rocks show adakite-like signatures. Given the
association of high Sr/Y magmas with porphyry
systems, these subvolcanic rocks may be linked to
porphyry mineralization.
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and Stern, 2014).
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Figure 3. Field photographs of the subvolcanic units in the study area. A) View of the porphyritic quartz
monzonite body and its boundary with the Eocene units and the porphyritic microdiorite body (view to the
northeast); B) View of porphyritic quartz monzonite body in the central part of the study area (view to the
east); C) porphyritic quartz monzonite body and its boundary with the porphyritic microdiorite body (view to
the north); D) Contact of the porphyritic quartz monzonite body with the porphyritic granodiorite body (view to
the northwest) (Qmz: Porphyritic quartz monzonite to quartz monzodiorite; Dr: Porphyritic diorite to
microdiorite; Qdr: Porphyric quartz diorite to granodiorite body).

el (gommim0;3 1121 0) Syl (oo o ol = D0 b9 Cmry9299,500 U o yg20
FHlsS Jolds (sezmao;0 0-1 1) (258 Sl IS (omizran ol sla oS el axly ol ¢ 098y Ss (Sl oan
Koo Sl e 0 S Lo SLS 5 8 5 bl =0) Jhwals JUSIT o commmao s YO-A+) IS 95Dl




VFF pgo o)lad pgo 5 Cuads o lads oo 3ls Jlu ‘6)5“5)_"’

Sl Sl g S o 4 DS sla Jlins S'9id (pizeon
J}—mo-ai sla,ols (B-0 JSi) aleas L‘)l_....»)fo )
s ypois 3] (gl 5 IS L S o b o Siard

oS bans slodbiow Sgd g cul G b0 (s S
g Se 8y 50 (S 5 (gauadbate b DS
3 Glorezd olyemay 5)Js5 Sadl g PEe3dk 5l St
AL J5) as)ls sl anglh (o 5 ) slocaine

XPL ;o) co S b ylo,So Jgutol Lo 5o Jlms ;598 (B ¢ s yo s 00yl )50

Figure 4. Photomicrographs (in XPL) of porphyritic quartz monzonite to quartz monzodioritic body.

A) Plagioclase phenocryst altered to sericite;
chlorite.

B) Euhedral phenocryst of amphibole altered to

P p )0 g s 00 S g o JSbded & )50
3 iz g d e 0ad plle ileS &)g0a ablis
7 JS8) wilead (e ,Ss Culs 4 5 Ko ablie (>
99 4 (Ko 9>y (nl @blie don )5 Cudgn slaysk (B
WAl ge oy S

LaSle 5l Losiins a5 LSl b adsl slaceson -
ol slessy sl Jelse iboos ;e85 wloasl oy
s S dn Bl IS5 &)s0a Ygans baoise
e a hle sloged 5 Sloged O, 4 patine Slog
VN

@95k s (N Sigon &5 a5l cloceian -

(CF I5s) wigds oo 0050 S diey 4o (gloged S5,

(QAr): sydy9 Coypogl,S U Caygo 5,ls8

Sla S5 Jolts 0358 (nl (55w S Sl o) 2 2L 2
Sl (((pomamo )5 80-F ) WS 52 Lol
(o320 VO-Y+) 35 ls S ((sozma—0 )0 Vo1 0)
(o000 0=V ) o] (oo 8 Sl G (izmen o
byes 55 Lo LS ol el Sl g o8 5 ol
5% 9 i 00 STy jlwals wld g 5,15 5l 655k,
Sl Hobs sy et L S by S 2L Bl
Mo Staes Ul It gla b S5id i 09,00
oty 41 S 5 55 S ivadlaie PS5l
IR WL N PN N L SELA | ES D RV PRV W o
Joial Loyl (A-F IS20) asjls (65508 Jlo 5o




q Oh)Ken g (5 L (ol

e OB 90 b e d g0 — o HLuilS o @MT‘\M SWodgl (o yan) 9 (ol Koo (5, I

S5 Brrs by Sty Soo c Bl (A 580 09,500 L Sy 0995 Sl (95 s S s gl B S

5 ol & Jpraial glo Sl 555 oy (C s o 42 635 p0 i 5| Iy 1o IS0 b 1o S5 (sl Sl 553

Figure 5. Photomicrographs of the porphyritic diorite to microdiorite: A) Porphyry microlithic texture; B)
Alteration of plagioclase euhedral to subhedral phenocrysts from the central part to sericite; C) Amphibole
phenocrysts altered to chlorite and iron oxides (Image A and B in XPL, Image C in PPL).
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Figure 6. Photomicrographs (in XPL) of the porphyritic Quartz diorite to granodiorite body A) Euhedral to
subhedral phenocrysts of plagioclase with compositional zoning; B) Euhedral and elongated amphibole
crystals; C) Magmatic biotite beside small and flaky crystals of secondary biotite.
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Table 1. Geochemical data of major element oxides, trace and rare earth elements in the rock samples from Dogan region.

Sample No. D-1 D-2 D-3 D-4 D-5 D-6 D-7 D-8

S0, 53.59 63.55 65.36 63.71 65.93 52.54 53.95 54.30
Tio, 0.86 0.48 0.37 0.42 0.47 1.03 0.60 0.52
ALO; 15.20 1257 15.23 15.12 15.69 17.23 16.91 15.98
Fe,0s 6.62 6.51 3.91 252 2.09 7.70 7.76 7.68

MgO 117 0.63 2.10 0.35 0.39 3.72 4.50 2.51
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Table 1. Continued.

Sample No. D-1 D-2 D-3 D-4 D-5 D-6 D-7 D-8
MnO 0.05 0.20 0.08 0.05 <0.05 0.14 0.12 0.11
CaO 6.22 6.33 3.60 6.11 4.45 7.41 7.12 5.56
Na,O 3.83 0.17 4.15 3.46 3.25 2.19 2.53 4.17
K0 2.39 4.12 1.86 1.00 1.29 1.88 1.90 1.23
P,Os 0.36 0.18 0.20 0.20 0.21 0.24 0.22 0.27
BaO <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SO3 10.61 5.62 1.26 <0.05 0.35 6.15 2.87 4.25
LOI 0.09 4.42 3.05 7.06 6.08 5.61 4.36 7.68
Li 5 5 6 11 14 18 9 12
Be 1.7 1.3 1.4 1 1.2 11 1.3 11
Na 31898 415 32350 27385 27320 17950 20687 33078
Mg 6540 3485 11027 1853 2251 >2% >2% 13269
Al 78098 61761 66954 68712 67310 79884 74642 62964
1660 730 885 910 1061 1025 1128 1283
>3% >3% 6812 446 1645 >3% 15314 20403
K 19272 31613 14728 8467 12019 15209 15084 11277
Ca 34773 32776 25633 41072 32551 46580 43298 36705
Sc 3.6 53 6.2 5.6 6.1 20.4 16.8 12.4
Ti 2000 1662 2123 2366 2782 3592 3463 2821
\Y 61 77 84 81 108 219 203 107
Cr 17 23 59 16 19 25 20 81
Mn 305 1181 583 380 309 939 793 703
Fe 42367 35063 23255 14767 13486 47492 46681 45337
Co 9.1 10.6 8.9 2.7 3.9 19.2 20.4 14.2
Ni 12 15 41 9 8 19 12 14
Cu 160 1511 371 285 1070 147 153 92
Zn 14 128 66 10 11 94 105 112
As 12.5 47.7 5.9 3 <0.5 12.7 16.1 7.2
Se <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Rb 52 108 46 43 48 50 53 48
Sr 497.8 62.2 712.6 142.8 193 T74.7 835.8 511.2
Y 9.9 4.4 52 55 6.5 10.4 11.9 10.7
zZr 20 12 13 7 30 10 16 12
Nb 7.7 6.4 8.9 9.2 10.7 4.6 51 4.6
Mo 0.9 2.2 2.8 1.3 2.7 14 24 15.2
Ag 0.3 16 <0.1 0.2 0.9 0.5 0.4 0.2
Cd 0.2 4.4 0.2 0.3 0.1 0.2 0.3 0.2
In <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Sn 1.3 0.4 0.5 0.5 0.8 1 1.3 2.5
Sb <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Te 1.4 1 1.2 1.2 1.2 0.6 11 1.3
Cs <0.5 1.6 0.9 1.6 2.3 3.8 2.1 2

Ba 214 375 396 31 27 388 285 217
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Table 1. Continued.

Sample No. D-1 D-2 D-3 D-4 D-5 D-6 D-7 D-8
La 16 13 14 13 9 8 11 11
Ce 36 26 29 27 20 20 25 22
Pr 4.61 3.31 3.73 3.8 3.28 3.6 3.88 3.98
Nd 19.3 13.4 14.5 14.8 13.7 16.4 17.2 17.6
Sm 3.3 1.9 2.2 1.9 2.1 3.3 3.5 3.3
Eu 0.88 0.44 0.6 0.31 0.31 0.99 0.97 0.91
Gd 3.29 2.44 2.73 2.64 2.52 3.12 3.26 3.33
Tb 0.4 0.2 0.2 0.2 0.2 0.4 0.4 0.4
Dy 2 11 1.4 1.3 1.4 2.4 2.3 2.3
Er 1.2 0.8 0.9 0.9 0.9 1.3 1.4 1.4
m 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.2
Yb 0.91 0.61 0.57 0.56 0.51 1.47 1.53 1.16
Lu 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2
Hf <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Ta 0.6 0.5 0.7 0.8 0.7 0.5 0.5 0.5
W <1 1 <1 <1 <1 <1 <1 <1
TI <0.1 0.7 <0.1 <0.1 <0.1 0.8 0.2 0.5
Pb 10 4 13 1 1 10 5 24
Bi <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Th 3.4 3.7 4.1 55 4.9 3.6 3.7 3.7
u 0.5 0.6 0.8 1.1 0.8 0.4 0.5 0.6
(La/Yb)n 11.86 14.36 16.54 15.64 5.95 1.83 4.84 6.39
(La/Sm), 3.05 4.30 4.00 4.30 1.34 0.76 1.97 2.09
(Dy/Yb), 1.42 1.17 1.59 1.50 1.78 1.05 0.9 1.28
Aalol ) Jous

Table 1. Continued.
Sample No. D-9 D-10 D-11 D-12 D-13 D-14 G-15
Sio, 52.15 62.98 65.09 63.95 66.46 65.71 66.85
TiO, 0.62 0.92 0.34 0.91 0.40 0.40 0.41
Al,O3 17.24 15.23 16.39 16.00 15.58 15.29 15.64
Fe,O3 7.35 2.92 4.52 3.91 3.59 3.86 3.85
MgO 3.52 0.35 1.37 1.74 2.02 191 2.05
MnO 0.14 0.07 0.08 0.09 0.10 0.07 0.10
CaO 7.19 5.88 2.94 4.58 2.64 3.64 3.10
Na,O 2.73 2.35 411 4.00 3.93 3.58 4.45
K0 1.63 1.58 2.74 244 2.05 244 2.01
P20s 0.28 0.21 0.32 0.22 0.19 0.20 0.21
BaO <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SO, 6.28 3.27 <0.05 0.77 0.20 1.86 <0.05
LOI 7.23 7.15 2.02 1.97 3.03 2.71 1.23
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Table 1. Continued.
Sample No. D-9 D-10 D-11 D-12 D-13 D-14 G-15
Li 15 16 6 5 5 6 5
Be 1.4 11 2 14 1.4 14 15
Na 22169 18701 31966 31386 31984 28003 35226
Mg 18272 2341 7611 11469 11530 10295 11473
Al 67120 66218 71961 80626 78657 64007 74365
1275 758 1230 947 936 860 985
>3% 14907 400 3663 1308 8853 494
K 13697 11769 21287 18113 19242 21081 17509
Ca 44829 41900 21547 23684 21331 25014 23721
Sc 15 7.3 38 6.9 6.3 6 6.6
Ti 3531 2388 1930 2485 2291 2258 2497
v 231 106 64 95 86 82 94
cr 15 23 29 21 41 25 25
Mn 818 463 546 629 729 524 680
Fe 44398 19522 28267 26256 24137 22925 25322
Co 204 9 7.6 9.9 9.2 7.6 95
Ni 10 10 16 14 23 14 20
Cu 122 2524 808 611 111 893 112
Zn 161 10 70 69 76 68 64
As 18.4 2.4 35 7 12 9.1 48
Se <05 <0.5 <05 <05 <0.5 <0.5 <05
Rb 46 49 57 45 53 53 47
Sr 705.5 127.8 579.3 807.8 523.3 640.2 7785
\% 10.8 6.2 9.9 6.7 6.4 5.9 6
Zr 20 10 80 10 15 9 18
Nb 53 7.7 77 8.7 10.3 9 9.9
Mo 2.1 238 106 21 1 47 0.8
Ag <0.1 1.8 0.4 03 0.3 0.1 <0.1
cd 0.1 03 0.1 02 03 03 0.1
In <05 <0.5 <0.5 <05 <0.5 <05 <05
Sn 17 08 07 05 03 06 07
Sb <0.5 05 <05 <05 <0.5 <05 <05
Te <05 11 06 06 0.9 05 <05
Cs 2 29 08 05 12 07 <05
Ba 274 81 344 437 358 426 551
La 11 10 17 17 19 19 19
Ce 25 24 34 30 33 30 36
Pr 432 352 411 3.9 4.14 3.97 427
Nd 19.1 145 17.2 15.9 16.5 16.2 16.5
Sm 4 2.1 29 24 23 25 25
Eu 12 0.42 077 067 058 0.68 0.78
Gd 3.47 2.68 3.01 271 2.85 2.81 2.84
Tb 05 0.2 03 02 0.2 02 02
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Table 1. Continued.

Sample No. D-9 D-10 D-11 D-12 D-13 D-14 G-15
Dy 24 1.5 1.8 1.4 1.5 1.4 1.4
Er 14 1 12 1 1 1 0.9
Tm 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Yb 1.36 0.71 0.94 0.77 0.66 0.61 0.64
Lu 0.1 0.1 0.2 0.1 0.1 0.1 0.1
Hf <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Ta 0.5 0.7 1 0.7 0.8 0.7 0.8
W <1 <1 <1 <1 <1 <1 <1

TI 0.8 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Pb 16 2 15 16 11 14 11

Bi <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Th 35 4.9 4.2 4.6 4.8 4.2 4.3
(La/Yb)n 5.45 9.48 12.18 14.90 19.39 17.67 20.02
(La/Sm), 1.72 2.99 3.68 4.45 5.19 4.02 4.78
(Dy/Yb), 1.14 1.37 1.24 1.18 1.14 1.48 1.42
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Figure 7. Dogan subvolcanic rocks in A) Zr/TiO, versus SiO; diagram (Winchester and Floyd., 1977); B) SiO;
versus K;O diagram (Peccerillo and Taylor, 1976); C) A/NK [molar ratio Al.Os/ (Na;O + K;0)] versus A/CNK
[molar ratio Al,Os/ (CaO + Na2O + K;0)] diagram (Shand, 1943).
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Figure 8. Dogan subvolcanic rocks in A-B-C) Tectonomagmatic discrimination diagrams (Pearce et al., 1984);
D) Ta versus Th diagram (Schandl and Gorton, 2002); E) Nb versus Rb/Zr tectonomagmatic diagram (Brown et

al., 1984).
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Figure 9. Composition of Dogan subvolcanic bodies in A) trace elements primitive mantle-normalized diagram
(primitive mantle normalization values from Sun and McDonough, 1989), B) rare earth elements chondrite-
normalized diagram (chondrite normalization values from Boynton, 1984).

lodigai 1o Ol Sle sb,mae  SassTy, sl B
GO (o 9 Sl K0S Sl 5 Ll yp AnleS” (B9
Yo (Sod gif loged cpl 10 K0 &8 4 ae oo LS
Ll Sisg 51 45 595 oo oays HREE ay oo LREE
Gill, 1981; ) el [iilyg,8 sloagy ;o snslavsy slaleSlo
(Wilson, 1989; Pearce, 1996; Rollinson, 1993
(Winter, 2001) sas oo i |, JSIISIS
Y[+ ¥ EWEUF= <%+ /) Jacie Laasges ol 4o

o oleeS slapaie sl Hl3ged 13 (rizmen
Comed Th 5 RD K (sl yic 3Vl Jlaie eyl &85 oS 5
sooo s lusaz P g THST aile sl paie 168 o 4
Jlogl il SleSle g5 oo, plSin (laigy Sol
Slawg Sogdl 5l 1500 slulis ladiges don o P coie
(Pearce etal., 1984) coul ' 6 KT L g LS
o S 45 SLeS (SB lajaie SaSie aged 5o
-4 ISs) aleass g (Boynton, 1984) ¢y a5’ REE

! Hydration




VFF pgo o)lad pgo 5 Cuads o lads oo 3ls Jlu ‘6)9“9)—"’

Slawgy ST i

Reichow ) asl=ilu Nb 5 Zr Ti Y asle sl paic
8500 sl paie I Sob f ool pogyel (et al., 2004
YU &g Sogl & 55 Pl Sass 5 ol pedras Th asile
Sl 00 00l s ploSle WYy o0 pl K o
Uiy oy 51— (Chappell and White, 2001)
og e ddlaie Sliaislaes sleesss ,o slatwg Sogll
(\ M Jiw) W) 00 )154.’ Rb/Y ).3‘)3 B Nb/Rb

VA 5 (La/'Sm), =-/vs-0Va (LalYh)y =V/AY
9 2959 3T Can g 2l (DY/YD)r= /Y
e EU¥ GBUZ &) 0 g0 4 Jgore oloSle Ll
5 05-bis0 S5 55 Ca%" (Kol (31 90 EU (5515
Slie 51 g3 e (glp obas (23S G 900
asl s REE 4 oo W BU o ke slag,lal L)
L gloshsl b L5 g0 Slaaislass sladiges ol (390 o0
daly Wilgs co 45 Wg s o izl EU aie slas,luials
a3l PS5 il Ly gelinST el 355

(Richards et al., 2012)

12
10 T
e L
E.é 6 T @
~<> Subduction zone enrichment or crustal
4 7 contamaination
2
Rb/Nb=1
0 T T T
0 0.5 1 1.5 5
Nb/Rb

(Temel et al., 1998) Rb/Y ,l, ;o ND/RD jloges ;o oFgo Sliaiilass glooos oo 5.V JSi

Figure 10. Composition of Dogan subvolcanic bodies in Nb/Rb versus Rb/Y diagram (Temel et al., 1998).

Habao e o=l (HOTmann, 1988) el Yoo L ,l,
loyl8 &g Sl (6l o ol lade 1 (6 et
Sl .l yias ( Rudnick and Fountain, 1995¢v/y)
Slas cl OIA L ol L5 g0 sleesgs ,o CelPb cus
il Bams sy Lis 5 ol j1eS cwgilidl slacdil uSiles
Ul o Lot olgs cod Canl (2235 el (50,8 gy b LS
Uia¥18,L,0 cualad L Ce/Pb L RB/Y NB/RD slacos
slaosls QT S8 el 90,8 oS a sl Glauwg
2 @anl gleesls 09 Jds 4 285 00 55 593

el 00 oolail 0 lge cpl 51 g ddlaie

g0 Al grdiges cuSToT cals yaw

29,5 bagi 65855 b Sla)ludlS Sl 4 4z g L
shls Slaasslaos laosg Sy ol Lacuslsl |

gy 0 (Sob e vl Hlages nl 10 (s39ee slany)

(Temal et al., 1998) cul glawg Sog T L idlys,8
il po Jliatilass sleosy gladises g, (IS b
Ol 855l (glaSlo aos o i jlogei ()l (59, B9
s s oa0lgs £ (Mo gF 395 ogd s o a K
2 g Sl 0ael 93y 0dig 9,8 cweildl 8,5 S 3l eaial]
Oty Aoy Also b (2T g sl Galozr s Sgeo plSin
iy ¥l olas ) )y 6l uioren el 00l
8053w Olgs |5 sl 0l 5 s CeIPD s s )8
LILE PD slo e 3 L 00g9,8 cwgilidl 5,5 Ko
L i ol s yaie oyl g oo Th 5 KoO NaO
Lol sl 5 2igds ol Tz 00 Sy 5l (oL
Hofmann, ) cewledle ol wls o lacas opl sosaslis
sl sLac Il s CelPh lais nSike (1988




AR Oh)Ken g (5 L (ol

e OB 90 b e d g0 — o HLuilS o @MTW Godg ooy g (b Somw (5, KK

L IS U IS ey g 3550 sl |
Ot sty U el Tle ey 5 5 YU ly
oS Al jo 50 cole ey s oBays 5l o o
.Jd)b LgL?- JLo).» 6“’)5

Y 3 Ti Nd Sm ol glo,aie o Soi 45.¥
S oo b ddeid loymais o (Sl 8 ol jemany
dilie sladiges i 0 K 3 Cs Rb Ba uil (LILE)
Seabiadgy Lo S (pleBins) Lo Sy (Bso
sod_....:sw))a duc\_)}o.a &JL_-\AS ‘;L} 6L®)_M ‘;A..Slj.b
aS 05 o ond HREE oy oo W LREE 3| Soi ¢
ol 2lys,8 gy 50 eely slaleSle 554

Slaaisila s slassg o ROIY cois o alj8l Y
Lo sy digy 5o Sab it (sbsf Luver 3o e
ol aS il ol )3 o] (oS 1 osgs (] 5o
(] d‘o)l_‘a 3.».»;5.\ L: LSl wyi BMQQL»» L;)Jj k.}"‘ as
2 Sliasslaes slosy sladiges CuiS g oo 45 glaisS e
5355l (sloSlo v oo i b loged (59, Bge ddlais
Y L oadiolgd )50 slanissS 855 gd o j0 S )
9 Sl o..\.a" e 5&45)5)9 G.Ayl.\.‘!‘ f);u_i;.w ).u‘L: 9 OMQ‘)T
gy dlyo Ly 1oVl g sk (o s Sga0 plSin 5o
O W )

)_3‘)3 5 Ybn 9 SI’/Y )_3‘).3 5 Y )‘09_03 :\_aL\ — ¥
sla S e Slaasilaas slosly waw (La/Yb)n
@L_Mmh_m Slwodg g amd oo i S folaud
SITY L i L (6 b9 Syl S L5 oIS
0 A Camd YL (g3l G ety NV OBY 3. 55ks)

RN

&35 ol

248 Cenl ciilomiyl (6,58 Al 5l (—idu adlis
Lol sleasse il (—25u 5 ol ol JLo 5 52 55 Ry
5 ol 8 e dog S e izt 28 oSt
9 28 Bty (oSS Ml oS o e 5l egycn]
S (ile A pame e Ly i (e
215 b

CeSIol 09 oy p LSl b 890 dabate o Slails
Ly auogd jl S od 4 SlbSiw 4 b s
Defant and ) assg sael 90y 0aigys )8 9 oly=>  cweildl
L olaw aeuslsl (Drummond, 1990; Kay, 1978
YU og ] d( G55900,0 0F 51 s SI02) YU ks
5 M55 sloojloS (a9 VO 5 iy AlO3)
SI YL e o Sye00,s VIO 5l iz NazO b I Jsesial
OAPPM 5l ,265) Y oS oo £+ - PPM 5 i)
YD oS oo «(F+ 5l ia) SITY VL slace s
Defant ) axwa &V+) La/YD YL s 4 (V/APPM)
L laylade oyl a S olslsl @nd Kepezhinskas, 1990
Slysen (L5 Lihaie Sliaislass sladiges sloylade
YD gSITY 1l 0 Y Jloges ) an g5 b o puimod g O3l
olSss Sltatslaas gloasises yi (LAYD) 1
BV g AN la IS) Wyl cuSTolas el

o550 dilaie Jliacslaos slassg 10 SIY cos
S 09550 L Sy PaaiileS 8395 50 il 5 & g0
895 ;0 (YANY 1 :5e) O IYAVENY L 1ol 58y
VEIER= FVIVY L il (o8 yoms S p3309,5eme L5 g y30
Syl S LS Sy 9005 )95 0395 50 9 (PYIVF 10 Silose)
ONVOIBY 5o Slea) VYV —OADY b ply s b5

b Cogiges,lsS 05 slaaised (5 )y o5 bl |
oeSile) Sl 26 SITY lake (552801 Cudma095i9e
Coyosl Bog0me 0 Gles o 1) digas cpl s (YANY
LS e, 32055,155 8045 ,0 .0l sl JLSITSS
e S3) oW SITY o (6 5285y S y52083],5
il s o olis oYU gle SIS il 5 (VVO/OY
ol b SITY s g laeuSToT Jlagas 0,5 8,0
5O el glw,So bl s o 15 cdils a5 1, blosl
= 9 Sl Syl ST (g 555 (Sl pinns
g gn S ke 35 e S (sl e
o 4

= oS 9 (Fdae Boguase @WTW ooy N
5090 ,o ZITiIO2 1y ;0 Si02 Llog— s &L
sle Co o 5 Cdlsh w9040l )5 bl S

£ Slodn il S Bogazme )3 oo il S (ol WS o



VFF pgo o)lad pgo 5 Cuads o lads oo 3ls Jlu ‘6)9“9)—"’

160 v 60
I A \ A-partial melting curve with
| ' gamet- amphibolite or » Qmz
140 I ecologite as a resiste Dr
b ‘ A " B- crystal fractional trend ‘ '
! * (PHCPX+OPX) ¢ Qdr
120, * -
1 ’ | clinopyroxene 10
100 4 " hornblende Es
! =
- 1 . .
= 4 olivine =
& 841 | 2
| Adalate-like

60 - || rocks
| 20
40

20 ‘—\‘\k_/n g Classic Island arc

T
0 5 10 15 20 25 30 33 40 45

Y (ppm)
Ybn lsse5 (B «(Defant and Drummond, 1990) Sr/Y i, 10 Y Jloges (A yo g glibisTaes slaoos oS 50 JSCi
(Defant and Drummond, 1990) La/Yb)n) !, o

Figure 13. Composition of Dogan subvolcanic bodies in A) Y versus Sr/Y diagram (Defant and Drummond,
1990); B) Yby versus (La/Yb), diagram (Defant and Drummond, 1990).
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