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Fig. 1. A: Simplified geological map of Cu-Mo Senj deposit with scale of 1/1000 (modified from Pichab Kavosh, 2007), and
B: NE-SW geological cross-section map (A-B) with location of fluid inclusion sampling.
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Fig. 4. A: The contact of Senj intrusive sill and volcanoclastic porphyrytic tuff accompanied with tunnel 1 (T1), B: dissemi-
nated molybdenite minerlization with host of porphyritic andesitic-tuff at tunnel 1, C: magnetite grain in the biotite minerals,
and D: replacement of chalcopyrite by digenite. Abbreviation of minerals from (Whitney and Evans, 2010): (Mag= magnetite,

Bt= biotite, Ccp= chalcopyrite, Dg= Digenite)
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Fig. 5. Time stages of mineralization occurrence at Senj deposit based on microscopic and textural evidences of minerals
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Fig. 6. Handspacemen and microscopic photographs showing quartz-sulfide stockwork, A: QBC veins crosscutting by QM
milimetric veinlets with porphyritc tuff host, B: stockwork texture with host of porphyric andesitic-tuff and potassic-phyllic
alteration and QM veins that crosscutting by QP veins accompanied with pyrite and K-feldspar grains, C: QBC vein consist of
quartz, chalcopyrite and biotite dispersive grains with K-feldsapr-biotite-sericite host, D: molybdenite mineralization in host

of QM veins, and E: reflected microphotographs from QP vein with pyrite, quartz and minor chalcopyrite. Abbreviation of
minerals from (Whitney and Evans, 2010): (Ccp= chalcopyrite, Mol= molybdenite, Qz= quartz, Bt= biotite, Py= pyrite)
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2. Cluster 5. Trans-grains
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Table 1. Mineralogy, alterations and sampling depth of quartz-sulfide stockwork mineralization in various drill cores
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: Quartz, biotite,
BH-1 BH-1A 7 Quartz-biotite- chalcopyrite, K-feldspar- .
BH-1 BH-1B 85 chalcopyrite  bornite, pyrite, ga-  biofite-sericite- | eSS
BHI-3 BH-3W >3 (QBpr)r lena, (;I?alyf:oc’iti uartz phyllic
BH-2 BH-2S 45 na, > 4
digenite, covelline
BH-1 BH-1C 90 Quar- bg;‘rf‘i?ez’ (o Quart-sericite-
BH-2 BH-2F 78 molybdenite cai,ci te goe’:tﬁﬁre ’ K-feldspar- Phyllic
BH-4 BH-4K 44 (QM) rutile pyrite
Quartz, sericite, i s
BHI1-3 BH-3Z 67 Quartz-pyrite  pyrite, chalcopyrite, bilcftifzzngiiri for Potassic-
BH-4 BH-4L 35 (QP) bornite, goethite, phyllic
. . quartz
covelline, hematite
5 geime g Oybie Dygod adgl slajbile wgS ()l Jbw sl)lgleo glgil

23 Oyg0d (555b 09,0 Caxdae b LI 4l slo )bl
Sl bl e (A JSE) Bal 0000 55165 jols 3500 o
odiiS el Cumdon b gl Dyt 55 LV g5 wle 5l (22

A 00ls i jelijse

Veg 63 90 syl

S8 (Sady 4z bgle 5 Lo 556 90 55 slojbils
Vo o Slahd g (aopo Ve (VL L o) a0 o V-
b, bokee ol 6,0l IS (C 5 BY JS5) ol sanlie sy
b &5 Cwl ey sl g easS Sjgea el
5 (ThyLv) eaisoSan 55 56 4 il ales (55209055 S0
(Theica) Sy 358 slos Ll o aoye Vo 5l e o
5 03 09See Vo U0 o bbb cnl Sl a8 5 1,8
o Yol a8 el aliil suls sleesls Jols b b
V g5 sl bk (D-Y JS5) wiloslidl pls 4 boles ol ;)
Oygons S1ggi sbojbile b olien 3550t &jg0a
WD o Ll) o 50 (659h09y0 9 gtz Sleirdse b 4l
(A s B-Y LS

S &9 31 aw b bl
Lol ) IS ime codla aal> 5L ool oSl gl bibee
Lo bk 3l G 0y SleadlS Elgghow Fodla + ) u + il

3 b sbabgle ) 2 485 S50 Sl ool 2
ols s id Kol ke g5 dw slass (YO°C) &b sles
S8 59 slnbhien Sl 5 e o s (ol 0
(LV-type) ao o Yol ,uuS 518 Ol po b molo 5l 8
Ve il Gl 55 ol o b 5w 5l e (556 g0 sl ble
e sl 318 gal> (551 aw slo )bl 5 (V-type) as o
3B g mbe 38 SO sl bles ool s ogdle aiius «(S-type)
—r O)HAJ«.\_:JOQ‘O W Lbd_v}ou)\))_g
=5 Ysb ) S e 6l 0 S )58 (6 kege g ,Se
ooy oolaz_ul wao B LD)LUL.A U"‘ 6)L40| ;9519 )l ‘U‘“"bﬁ)"
=515 leo sl S5 5o caioly JLile 9 dw 35 ped
5005 L QP 5 QM QBC (gasS ) o5 955l iy

ol 00 00)5] Y de} B Le)] év)g.v as 099 ual.o.aao

LV g5 531 95 sl liglso
BV o (Sadin azpo b gle 651 8 0l labple
oaseis S 98 gl (gaudlgm = 35198 (g3l SIS p0 duoyo A
Froogam 0 bbb plo b avolio ;o Ll Jll8 as o ool
Ao o Ve BV ol bibe cpl o )b 5B poe el s o
\e LJ""O)L'\"‘LJK“"G’56W ‘W)jbgs'-é{&wﬂgwl
S regeyig,San b (A=Y JS) wad esalie 5,800 Fr U



Ol fKen 5 Job6 b frY

B 535 ok 54 b e o ol el o
HE i i Gdge m e L 0 el 0l
FS=i5 sloyllon s S2 g9 sl bl oS s o0
45 (G JS_) Attt oy 350 55 slS, 5 o
sbosboles wboass LS5V LV g9 slabole o1 51 g
oy ol o o aS el e caniSald Comdee b aygll
oS a1,V 5 LV g9 sl bibee clél 5 oo 5
5 Jl sl plon e - LU A 5 He Y sllS)
oals HLas A JSl 1o Slads & jgody (v 090 dibaine

Sl 00

S 5%090,59 5540

A olass sl oolitul b (eimsbosin; b (5 5%eg0 59,500 Sle 2
e g adaie ¥ 3lowd) QBC (slaaS, 51 55,155 Laro oo alaie
aaii Voo alie ¥osw) QM (gpSell aki
Al (g o5l alaii Vo g alaio Y olss) QP g (5 oyl
oo 03,8V Jga j0 ead il sladigel Coxdge
GO oYl o> 4 dgumme oal (5 ,505lul slales .ol
cdel o (Thga) ol oboSen gl aiiws OV-°C
el 58 sl b (Thi) 15 ol 058, 0 o o oes
b 55 Bliceo 5| s3gume i b (Tvgcn) Sl
el oS (Taeorspitate) 48, w51 ST Hebas iale S 0l )3
b ol Bl eayy ol YY-°C sl 5l YL
5 QM QBC 55la 5 45, 4w )3 ba )bl (55090 59,500
il 2520 4 QP

QBC) g oS8 - s - 5)l9S slaaS, 10 QBC o5,
o3y Larteid il i g S s VLV (Lol Lok g8 ans
YR e a5, g LV (gla bl 5 0 e Te e .
ol 5, SlisT ales odgamme sl el iS5 -YY/EOC
y9=a> 9 (-YY/A°C) HyO-NaCEHKCI e o b )boleo
CaCly = oloS g olen 4 KCl g NaCl Lol ols s
Van Den Kerkhof and Hein, ) < o/MgCL U 4 FeCl
LV sl bolbe 0 Tmiee Jaio cpzen (3 JSi) 2001
deo 3 VIO LY (gy5mds il VOC L5 =Y iy 5 o5, oy
Thy) sl (omiipsfed slos o yois o plebs S Joles
YVEOC L5 YYF (s oS, ol o LV mlo 5l 6 slo,bilos (o

adhie 5)lsS SloaS) a0 )3 Ve cyl JlFLV LV
S5 ol e b L lsbee ol (F 5 BV ISC) i oalice
8 Pl )l 5l (6 fegmaig S (oo, ¥l oS
(Thyy) 5 obe 518 ) 51 L (Tivee) <l sl
Syt b Lajbols ol ad (Ren mle I a4y (e
32509y ) Ao 4y 5290 dsla slajls ull (SS90
A rends

Colla + )l rale sl bobe (53l (ST og 5 05

sk rodla Ly rale lalile sl (82 055 5
oy S

Sl sleedls + 5w vl sl biples s3> (83 05,5 25
ol 6 2

S8 (oS el bawgi b )bgle (o Cughw 5 clla
slajl hls el cle s jasas BB 9595
Slal g 0ads )5 L (glaaliss b Cuglow 5 039 (55000
oo Zansl 00l 093 Cedla ) Lo (g 1aS (slod jo 2SS
o5 Skl S2 g5 slajliplee 3 Cushow 9 Cdlo j9a>
F-V JSi5) ab o0l aneis 35 oSS 5 casilos L
9 ,l0absS ol b Loy oSS 5 50,8 (sboyol b oslon (
SllS S3 g5 elosbileo 4 Lais LB oy S,
0-°C 5| i sled ;5 45 ad odalie ghslisl Glas
Sy 9 oot ol LJoay 5 caul onid gd o
03y [acteas (Lo b wile) wildlsws SlealS gy o595
Oygot el laiges 138 g5 sl bole (FY JS2) 05
D )gods Sgaze y9bods 5 (5)5king ;0 9 geime Sletndse b addl
(A JS5) o o8l s agait ol bl o o0tiS ke

o csteo (o3 L3
esslay shaws (28,5 )18 o2 (55, 5 (ol @i S
ey L)l et GR350 (59, » JoSi plim 0 bojllee
oSl (lan Gl Lole 26 g pads alal, 5 3.8
2 Lly SO e as gl sla bl sy (ol b s
Sle aligay el ailid 5715 joh S a9l SleSinSis

(Roedder, 1984) ,54, Lasgs 0o yuss Slgpaslis 5 4,56
oolsl i (e id OB gl slajbile 4 s
Sls= «(Ulrich et al., 2001) L Sen gz ol (slgams
Sl S5 sras ) jo o)Ll 51 elosx! olidl pls &y Sl



FrY e g Ol e LS 50 pleSle - le S Sl o6 g Led - Lad Ll sl (Y0 JL) ¥ ojlas A al>

o= Lo jbbes o0 6Jl§.‘> VAR L@HT Lgbg uM‘Jio.Q e los o Lole Y Sloss (nl g odle (A-\ - o) as e
ol +JAS glem® &« JAY 5 oo leakage Ly cois ooy oo YY-PC LYoo o i

7 . : s 7
Foil Gam Sodp a0 LLV go5 bole A« Jolis i dilaie QP s QM QBC (gleas, 51 Sl (slo )bl (S50 50 b poas ¥ Sl
C o5 5l 5SS sl )bilo s S5 58 Gl 5B Lol a o0 Ve 5l 1S Sadp az 0 LV gg sla)ble B 8 Cla 5B L ol jen wo o
LV £ sla,biboo b ol o aislisls lass sloslS sgmg D amle 16 5 bk b olyan cilizes Sy 42,0 LV s LV g5 sla bils (o8l a0
3,16 83 5 82 gg asler 58 ol sl )bl (200 F ST 5V goi 5LS 5l 28 slalipbes 5l s, (8100 B S5 55 ol
ELILV o5 ansli slo )bl oy a5 S1 5V g5 55 51 8 slajlipln 51 (olozzliH 9 82 58 coghow 5 codla wala 5 (g5l sl b s
(_\Al? )'ls =S c)'lf )'15 =V 5(':3L0 )'lB =L e 6;[5 =T™M GCAJjL-MJ =Sy sCA.JLQ =H ‘)AS (5’5 =O) el 00
Fig. 7. Microphotographs of typical fluid inclusions in QBC, QM and QP veins of the Senj deposit, A: LV-type fluid inclsion
with more than 60 percent filling degree and vapor phase, B: V-type fluid inclusions with less than 20 percent filling degree
and big vapor phase accompanied with liquid and vapor monophases inclusions, C: LV and V-type fluid inclusions with vari-
ous filling degree and liquid monophase, D: presence of undentified transparent minerals with big vapor V-type fluid inclu-
sions, E: trials of vapor-rich V-type and S1 fluid inclusions, F: solid-bearing S2- and S3-type fluid inclusions, G: trials of hal-
ite and sylvite-bearing S2-type fluid inclusions, H: vapor-rich V-type and S1 fluid inclusions assemblage is crosscuted by LV-
type secondary fluid inclusions. (O= opaque mineral, H= halite, Sy= sylvite, TM= transparent mineral, L= liquid phase, V=
vapor phase, S= solid phase)
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Fig. 8. Shematic figure of fluid inclusion distribution in BH-1A sample with situation of LV, V, and S type inclusion. Evi-
dences shows S2-type inclusion as the primary inclusion which cutted by both LV- and V-type inclusions. Furthermore, the
trans-grain secondary inclusions in final stages cutted whole primary and secondary fluid inclusions.
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Table 2. Microthermometric data of quartz-sulfide veins in Senj deposit. (n=number of FI analysed)
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mineralization Fllll;i 1tncl:— n T, Tmice ngNacg Thy, (Wt% density
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Fig. 11. A: dissolution trend of S2-type halite and sylvite-bearing fluid inclusions in NaCl-KCI-H,O ternary diagram (Bodnar
and Beane, 1980), and B: total homogenization temperature (Thye,) of S1-type fluid inclusion by disappear of vapor bubble
(Thy,) and viceversa in S2-type fluid inclusions.
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Introduction

The Senj deposit has significant potential for
different types of mineralization, particularly
porphyry-like Cu  deposits, associated with
subduction-related Eocene-Oligocene calc-alkaline
porphyritic volcano-plutonic rocks. The study of
fluid inclusions in hydrothermal ore deposits aims to
identify and characterize the pressure, temperature,
volume and fluid composition, (PTX) conditions of
fluids under which they were trapped (Heinrich et
al., 1999; Ulrich and Heinrich, 2001; Redmond et
al., 2004). Different characteristics of the deposit
such as porphyrtic nature, alteration assemblage and
the quartz-sulfide wveins of the stockwork were
poorly known. In this approach on the basis of
alterations, vein cutting relationship and field
distribution of fluid inclusions, the physical and
chemical evolution of the hydrothermal system
forming the porphyry Cu-Mo (xAu-Ag) deposit in
Senj is reconstructed.

Materials and Methods

Over 1000 m of drill core was logged at a scale of
1:1000 by Pichab Kavosh Co. and samples
containing various vein and alteration types from
different depths were collected for laboratory
analyses. A total of 14 samples collected from the
altered and least altered igneous rocks in the Senj
deposit were analyzed for their major oxide
concentrations by X-ray fluorescence in the SGS
Mineral Services (Toronto, Canada). The detection
limit for major oxide analysis is 0.01%. Trace and
rare earth elements (REE) were analyzed using
inductively coupled plasma-mass spectrometery
(ICP-MS), in the commercial laboratory of SGS

Mineral Services. The analytical error for most
elements is less than 2%. The detection limit for
trace elements and REEs analysis is 0.01 to 0.1 ppm.
Fluid inclusion microthermometry was conducted
using a Linkam THMS600 heating—freezing stage (-
190 °C to +600 °C) mounted on a ZEISS Axioplan2
microscope in the fluid inclusion laboratory of the
Iranian Mineral Processing Research Center (Karaj,
Iran).

Results

The Cu-Mo Senj deposit covering an area about 5
km? is located in the central part of the Alborz
Magmatic Arc (AMA). The Nb/Y versus Zr/TiO,
diagram (after Winchester and Floyd, 1977)
illustrates a typical trend for the magmas in the Senj
magmatic area—starting from basaltic and evolving
to dacite/rhyodacitic compositions, with few data
plotting in the alkali basalt field. Most of the igneous
rocks plot within the medium- and high-K fields in
the K;O versus SiO, diagram. The igneous rocks
from the Senj area define a typical high-K calc-
alkaline on SiO, versus K,O diagram (Le Maitre et
al., 1989). AIll studied rocks show similar
incompatible trace element patterns with an
enrichment of large ion lithophile elements (LILE:
K, Rb, Ba, Th) and depletion of high field strength
elements (HFSE: Nb and Ti), which are typical
features of magmas from convergent margin
tectonic settings (Pearce and Can, 1973). At least
three veining stages namely QBC, QM, and QP
which are related to alteration and mineralization are
distinguished at the Senj mineralized area. Three
distinct alteration assemblages including K-feldspar-
biotite-sericite-quartz, quartz-sericite-K-feldspar-
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pyrite, and K-feldspar-biotite-sericite-quartz, are
distinguishable with these veins. About 80 % of the
copper at Senj is associated with the early QBC-
stage veins, with another 5 to 15 % in the QM-and
QP-stage veins. About 70 % of the molybdenite
occur in QM veins.

Discussion

Fluid inclusion distribution, fluid chemistry, and
homogenization behavior document that S2-type
fluids are samples of magma-derived aqueous-saline
fluids characterized by high salinity and
temperature, and high Cu content. Such parental
fluids scavenged Cu and Mo from the melt below
and transported them to the hydrothermal system
above. The increased abundance of S- and LV-types
inclusion coinciding with the highest grade Cu
mineralization (early QBC-stage veins) at the Senj
deposit suggests that brine-vapor unmixing and
phase separation plays an important role in Cu-ore
precipitation and alteration zonation. In addition to
unmixing, cooling and water-rock interaction also
played important roles in chalcopyrite precipitation
at the Senj deposit.

Compositions,  deposit-scale  distribution,  and
trapping conditions of fluid inclusions can be
explained by the continued influx of a parental high
salinity magmatic hydrothermal fluid, with no
significant change in the bulk composition of the
input fluid over the integrated lifetime of ore metal
precipitation and vein formation. Fluid inclusion
evidence and vein-cutting relationships indicate that
molybdenum mineralization (QM wvein) occurred at
moderate temperatures coinciding with  phyllic
alteration, rather than from later, lower temperature
fluids. Furthermore, early fluids decompressed
rapidly relative to cooling, forming quartz-
stockwork veins with K-silicate alteration at depth
and QP wveins at shallower levels in the Senj deposit.
Later, as the hydrothermal system waned, the rate of

decompression relative to fluid cooling slowed,
causing the fluid to remain above its solvus, forming
barren quartz-dominated veins with quartz-
kaolinitezillite alteration which overprint much of
the deposit.
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