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Spider plot- REE Primitive mantle (McDonough and Sun 1995)
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.(Cﬂw\%.J..apwﬁ;,.]élb)db):wbs)yéhdﬁylﬁuwlwglﬂXRFSW):!UT@L:;—\ Jgde

Saﬁ:}*_"e Sample type Location | Si0, | TiO, | ALO, | Fe,0, | MnO | MgO | CaO | Na,0 | K0 | P,0,
TRA-1 Dacite Partl | 6682 | 048 | 1657 | 461 | 005 | 1.05 | 215 | 425 | 384 | 0.19
TRA-2 Ore Partl | 498 | 021 | 525 | 3614 | 029 | 038 | 706 | 006 | 074 | 0.08
TRA-3 High-grade ore Partll | 529 | 023 | 378 | 8291 | 023 | 025 | 684 | 002 | 043 | 0.02
TRA-4 | (Limestone tff (Ore | Partll | 7921 | 024 | 456 | 1351 | 006 | 162 | 058 [ 005 | 009 | 0.07
TRA5 |  (Sandy tif (Ore Partll | 7438 | 032 | 498 | 17.63 | 006 | 122 | 060 | 007 | 065 | 0.08
TRA-6 | (Quartz vein (Ore Partll | 8663 | 025 | 508 | 588 | 004 | 078 | 032 | 007 | 089 | 0.06
TRO3 Trachy andisite Partll | 5895 | 0.88 | 1735 | 674 | 000 | 254 | 285 | 441 | 551 | 047
TRO7 Dacite Partl | 6580 | 0.65 | 1411 | 429 | 000 | 1.62 | 563 | 226 | 479 | 050
TRO14 Trachy andisite Partll | 67.86 | 033 | 1605 | 332 | 000 | 051 | 229 | 438 | 525 | 0.00
TRI16 Trachy andisite Partll | 6491 | 033 | 1521 | 3.66 | 000 | 051 | 299 | 581 | 603 | 0.00
TRIS Trachy andisite Partll | 6032 | 0.68 | 17.67 | 390 | 000 | 211 | 587 | 388 | 518 | 022
TR19 Trachy andisite Partll | 5940 | 087 | 1609 | 701 | 000 | 051 | 512 | 561 | 411 | 0.69
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(Sl PPN e 3 CE) (s (AT LS 53 SdlS 5 Ol jon S (1o g 51,2 ICP-MS glors LT 5 -Y 5o

Sample No. Sample type Li Be Sc \4 Cr Co Ni Cu Zn Ga Rb Sr
TRA-1 Dacite 19.5 1.88 6.56 57.5 13 4.22 9.73 45.8 56.5 20.1 119 261
TRA-2 Ore 21.2 1.11 3.17 40.1 32 3.36 9.34 | 20761 | 77.9 7.87 12.3 95.4
TRA-3 High-grade ore 149 | 0.653 291 49.2 21 0.639 | 6.31 884 73.7 14.4 7.4 543
TRA-4 (Limestone tuff (Ore 353 | 0.781 3.1 25.1 25.3 1.94 10.1 8601 95.1 7.63 2.92 20
TRA-5 (Sandy tuff (Ore 243 | 0.847 4.45 32.6 29.2 5.58 15.1 275 70.5 6.77 17.9 27.6
TRA-6 Sandy tuff 26.2 | 0.639 297 30.5 31.7 5.48 16.5 32 65.5 5.37 249 14.3
TRA-7 Trachy andisite 17 2.37 7 31 2 4 1 1043 79 17 100 543

Sample No. Sample type Y Mo Cd In Sb Cs Ba La Ce Pr Nd Sm
TRA-1 » 16.8 3.6 0.021 | 0.066 | 0.066 | 2.02 711 30.6 58.3 7.1 29.3 5.47
TRA-2 » 12.7 7.45 0.026 1.29 1.29 | 0.648 | 232 7.38 13.6 1.77 7.41 1.86
TRA-3 » 5.52 11.2 0.09 0.392 | 0392 | 0.593 | 17.2 2.79 5.66 0.751 3.49 0.919
TRA-4 » 5.29 2.51 | 0.002> | 0.393 | 0.393 | 0.392 | 28.6 12.1 229 3 12 2.07
TRA-5 » 7.42 1.57 | 0.002> | 0.076 | 0.076 | 1.24 58.1 10.3 25.1 2.66 10.7 222
TRA-6 » 3.74 1.01 | 0.002> | 0.011 | 0.011 | 0.724 | 44.7 7.7 14 1.74 6.71 1.18
TRA-7 » 17 24 33 1> 1> 1 841 46 101 4 22 43

Sample No. Sample type Eu Gd Tb Dy Ho Er Tm Yb Lu W Re T1
TRA-1 » 1.39 4.47 0.712 346 | 0.612 | 1.64 | 0.267 | 1.63 | 0.203 291 0.002> | 0.831
TRA-2 » 0.606 | 2.18 0.458 245 | 0455 | 1.08 0.17 | 0924 | 0.124 24.5 0.002> | 0.105
TRA-3 » 0.154 | 0.961 | 0.201 1.1 0.197 | 0.51 | 0.089 | 0.514 | 0.089 150 0.002> | 0.064
TRA-4 » 0413 | 1.62 0.232 1.06 | 0.181 | 0.53 | 0.097 | 0.598 | 0.09 1.07 0.002> | 0.027
TRA-5 » 0.528 | 1.83 0.327 1.65 | 0.309 | 0.809 | 0.153 | 0.985 | 0.131 1.78 0.002> | 0.13
TRA-6 » 0.26 1 0.146 | 0.668 | 0.132 | 0.353 | 0.061 | 0.42 | 0.056 0.772 0.002> | 0.196
TRA-7 » 0.75 33 0.75 39 0.75 2.3 0.5 2.5 0.5 1> 0 0.75

Sample No. Sample type Pb Bi Th U Nb Ta Hf Zr Au Location
TRA-1 » 13.6 | 0.146 8.13 1.88 19.3 1.22 30.3 1.26 2.7 Part I
TRA-2 » 6.75 11.2 2.04 4.53 312 | 0.214 | 156 0.52 0.89 Part IT
TRA-3 » 3.94 3.59 1.55 7.46 2.83 | 0.154 16 0.51
TRA-4 » 2.39 2 2.74 272 | 495 | 0372 | 21.8 | 0.694
TRA-5 » 2.05 1.36 3.61 1.06 6.43 | 0.447 19 0.69
TRA-6 » 4.18 | 0.274 3.12 0.629 | 429 | 0296 | 11.5 | 0.383
TRA-7 » 15 1> 3 0.75 48 0.75 5.2 279
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R3
L+V+S - 12 1 321 - 21.43

X

: ﬁ A _
= Lt SN, el

bdle (0 tdlw sl LoLs s (necking down) S aaesG L ety (o (L) el sk 55 (V)58 656 Sl sla,bls (Ll VY s

5 Liquid « Vapour CO, ;I Sz 6 aw (& (VHL) 58 5 s 5 (L+V) bl e sl cldlw (o (L+V) bl s st s
(LAVHS) s 5 4l Ol 0T @l Sz (536 4 (z «CO, Liquid (L L, +V)

s o]
10 2
9
B - 10
7 o 8
> 6 2
Q =
§ s g s
= T
g4 2 .
2 =
=
. 2 ' '
1 ' B -
o /T TEOTR TR T o= = o= == 100-149 150199 200249 250299 300349 350-399 400-449
02 24 46 68 810 1012 1214 1416 1618 1820 2022 H ization T i
Salinity(Wt% NaCl equivalent) cmogenization lemperature
T
| - =3
C Salinity Curve ‘;
500
M Heating/Depressurization
2 s .
£ 400 Tsothermal mixing S
H 2, 2 Isothermal mixing
: 8o 3 N \\\\
S 300 Surhcel!n_idd.ilntix = Holling \ O\ \.
3 l:?g:n_gsr::,‘:gl;mty'Cnoﬂng]pnnnﬂnﬁa N\ \ LT T
H NN . N
200 e N\ N 0N
H z 1200 VNN L NN
2 \ \ %10\ %18\ '/"1}\%&\
100 00 N e W AN
I B
0 1600
L 10 20 30 40 50 0 150 200 250 300 350 400
Salinity(Wt% NaCl )

G)‘_,:)layu' (G D a2y oaT HLilS 55 Jlw slajb0ks 55 O Oi.b‘_;b.: Sl &S D15 5e3 (CalI-VF J.{.Z

Hass (1971) 1> gas bl s asdllas 55 g ailats 53 Jlw sla jLile 053! pls 4 Gas oS (& tdbw 693 Ol Sl 2

(Wilkinson, 2001) _gdas 5l 5o Gkl 5 Jlw JJK:'):;_;» Jelse opmns 5 shate 4y 5)ﬁ—oﬁﬂu6b;)|>}d (o

\Al



Ulols gz oely gl JuilS Gasigsj g uwlisinlS (ol o j o2llbo

iS5 =8 5 &y Slale sas 5 W 38 S e e opl 5o
Glaslile 0s Kan los sl ol a8 F S Jls olas oS,
SIE e am Y00 U Y (D) SOl e s oy T Ll s Jlw
o3 YRGB Yoo o (D) ggmy — SLaatsT i 3 5 (WAL 3 5157 655 530)
Ao gad Gk o8 ol plab &S Jolan (S35 Loy F LY (6508 L 515 sl
Jbw JoSG 3 e Jule ((Wilkinson, 2001) ous o Ken sl plp 53 558
o S Sy (ol gl 8 SVl O 3 Sas Sl St
230l bla ple 5010 55 552 50 8T Gl LilS (ol b ol oo T HLslS
o g5 blod 1 alllan 3550 5LlS anglin pl 53 ol 0k gl ¥ S
LS pwtin ST cotins JSCa5 ladlS (Sl 5 (53585 035 § 55 Ol s
Jor AT Glalils b L1618 Jlw 0ad San slos 5 5555 ol pmn I3l
Sl I AT ST 5 OIS i 0555 oaT Olals s o Sy a7
0ld 53 Slao st 4 4 5l .Sl 4 515 ax 5 5550 L& (El Espino)
S 3 saelS 0l 2T Gl LilST b o laald 2y T LT 2o
AT L5 (I0CG) Mo — s = 2T ST 5 Glas LS L glacal sl

3,1 i (Bl Espino) sewl JI

Ol 21 G Ll 51 g3taai b )T awglio g jLuils’ JuSid (K g8> —4
ole> bl gl g
6T i e o dlasls SIs oby T SIS S s il Julse
Gl b (O 0l Ko (0 ¢ omls o ded (83585 035 (LAl 13105 )Le
2555 5 S8 e 358 lres s 6 8ol 5 G5 sk olen @
Loosly ool LLsls s (Einaudi, 1981) 558 o BT 5Kl gla LS
WOl oS &L».fb OVlw o B 5 wls Gresdnd laes g 354
oins JSCi5 03 5 Sl 4 4 55 bl ok 3wl gLl - 4l § s o
2 Gl Sl o3y e oS 5 e w035 S by 0T LS
3 Cnd S5 55 5 el gulin sl Lol canli S slaSaT K J5 1
Sl aks o ISy Sl 28 s S gl ST S
Afj;i‘:iSo:ﬁM&hé&}u&fdﬁf}:gbyT)ulfjs
Gt Saos g opl OVl I Lide (uoman (ol 0l J:iai $lS, J§.1
Iy ailate 53 o gl (o3 UT S5 5 Glanle B 55) (g smy — Sl T gl

Wl os by I1 tdu T S5alS LSas Eel g eals Sl 555 56 cou

Olg 5011 53 Kos Sl dior b by oo T Lals aglin —F Jgur

s oo Jlils
Slils
ogliyg R T sLuils > ol Ll et b33
El Espino Oleotd 098 s (BT HLils — SlhassT B8 4o 0943 yglwe 9 oli
Q1 ] Ly +ylold o o0 . . . .
) el CEEEEE | R | (e T GR) & luils
e
il
- - - = oo T e SaT fawle Co o5 -
ke O3 57 o 34T Gp OGS O5 | @lTAT s e gl o ’_‘,:T;‘*f ST Ko Y e S
o o 5
= o35S 5 Sems Cispse NS RN = ERCRI R P SS90 0393 £
LQLA@LN)?A
IR st | e 2SS _ whiTeabag | okl | i (B S o a7
R ¢ k3T &“;’JE:K‘&J‘" S e b 5T el s R3]
Sl
[ PR Lg:»:.JT g::lﬁ\g.A
(S| S (5,8
e 2SS gl T RC T PR g N ? Gl e IS = .
* : Pl o g o P LN Ly S
CanedS” 5,158 (s NS S 5 i g5 IV COPICIP W ICON PV jj) g ;S oS A5 B 2y e
g e cSJG
CedS” 5 IS
- s ‘- ':' ;?r gg'_,.._\:lia LC_«;"M
AC_..::.KA“L:;LA Wlen Lg:,.::;ian vy 6;«;“‘;,::;?; " . e s A\'W_Jjﬂ‘s',e“ﬁgg:a_,ﬁﬂlf .
S 0y SIS S g SIS o SIS (ed e SIS e SIS (S YUk (e SIS s
R R e Ve eV dos | e T
i S | TEETET Y
AE (e SIS slea s oSy 5 S ks GIE 5 cslos s A& 5 F o5 gy cole
[ i Glos s
Cu, Au Cu, Au Cu, Au Cu, Au Cu, Au Cu, Au of yob i1 343
Lo gl 4
280- 350 °C 150-310°C - 140- 276 °C 200- 249 °C 250- 300 °C oo Sl
Jlw g Sed
30- 34 wt% NaCl 5.47-15.78 wt% NaCl - 3- 11 wt% NaCl | 2- 4 wt% NaCl - Sa9%
Moy e 2T ST . . . 5 ome AT A4S . : i
I0CG) e o8 mlS 08 10CG) b ol s a8 0,8 il o
(YA sobT by ST CFA) 0 8es 5 Lslawd OLSan 5 55 B
Lopez et al. (2013) S OYAD) 35, 5 e OYRY) G (W¥4) 5 1S sl 50l &bo
(¥4 ol Kes (OYay) o, Ken

\Al



O 5 g iz 3

s 55 s eng Sl glalol 5o b E L34 sl o SVl LTl
el 0t (I j230) i1 (glals (SB35 3 9 3o sla oS 5 bn SenSs
(o5 G 5 Al 335l (il 5 ol Gl B ¢ mlis ST
GolslS s 3 Slasetn L (D) )l Jidw ¢ o154 Late 5 omiwles
(I0CG) Mo = o = 2T ST £ 55 LT 23w 5 0l Lod onlST 0,800 2T

Syl Casllas

S5 A — Ve
5 et 55 KN (31 E s Sl ¢ ol Gl s p 5 Sldalie
Sl OT 5 (S by (AT G580 55 85 plnil Jlw (slasbibe
S S = ) o b Cals oS5 b s as (S350 035 G5 I 0
358 4l S SaT glaeSan ol 4 Jlaoal SVl 5 i J6 o
(L 25w) (2ly (Sl AT JLilS Obaing 5 pmilo gulia 52 ol 5038
g5 Gy Bl Olge 4 55 adkie ols 8 kil ool 55 ol o

S s

O g ol ook oo ¢ (D121 B3 G yor) Oliels o8 ey (65585 035 53 &Gl 5 ESCalS (b 0ol AT plea 5 5 J1S 2 Aal s -IFAD (g OB 5. (oo €03 ¢ el
AABAL . aw (A8 ol

3iS Sdae SBLESTT 5 pwlis s Ole sl SlLasl cOladae aglate ViV o v v e Ll e al& - VYA (A 5 130

2 TN s Gdae SBLEST 5 i s Ole Sl Ol (pwlid 3 S VWAY (g ( LT

Ol o&sls syl i)l asbOL e gmed 55 5 S5 5 Dlan bl s Olaals (o) AT HLlS” G541 oy VT8 (¢SS 05500

ot 3 oS ()l (ol IS wabOLL Olhals B b g co S ey AT ol 5 a5 ¢ lid SIS SIVAG 0 355

(532 olid i s (Ol Dol il g ¢l Ol AT SLlS b Lo o )3T (SloSi an 55 5 (1,575 7 ol mns IR i 5.5 e w0
Nojlak o o cad iy

35S gan SBLST 5 i e Olesle VIV e e e e b oy~ 5 e (i 5 45K \YVY o Ol dnr

L 38 Shalen a3 Olials o5 gt o T Ome s Sl B 5 (BIE I n e BI85 2 W ool s p sa i ip esn L (s oo e

35S hae DL 5 ol e Ol Sl SIHLaST 5,k alie) YO v alih S ARE SVD0 o35kt g2 5 p (ke

313 0 ¢ 2ly e BLEST Slbae 0L 18 5148 8 5 ooy (BLaST 03 gdoun 53 Gl $5 U jme (sla SIS Lalis (6lr il o)l pale (slaosls (3310 o goal —VYA0 0 p o S
A8

VA ot oty Dl 13T o831 ()] ol IS 4ali DL ¢y (AT HLlST (3Ll i a2 I VAT € 31550 S

Jlo (A ol o ol =355 (LSl OLaSTellr 5 Bl aair Gidne (sl 03 50me 53 Ll 8 5wl S35 15 6157 Glab gy VFAY l (JB A 5 ¢ Gl (o 0 (e
MAGND e AF o5l ol 5 o

5 Al s o5 (e psle 0aSails (sl wlit )1 wbObl LSS Gy coslisp AT JLalS” ST (681 5 ot 5 s SIS IV oo oslT i LS

38 e SBLEST| 5 ki e Ol 33 5 4l ol 5 Slaocidy S —\YOV o o (i 3¢5l (S ske el coslkinti g

References

Alavi, M., 1991- Sedimentary and structural characteristics of the Paleo-Tethys remnants in northeastern Iran. Geol. Soc. Of Amer. Bull. V.
103, PP. 983-992.

Anderson, R., Graham, C. M., Boyce, A. J. and Fallick, A. E., 2004- Metamorphic and basin fluids in quartz—carbonate—sulphide veins in the
SW Scottish Highlands: a stable isotope and fluid inclusion study. Geofluids, 4(2), 169-185.

Bodnar, R. J., 2003- Introduction to aqueous-electrolyte fluid inclusions. Fluid Inclusions: Analysis and I nterpretation, 32, pp.81-100.

Chace, F. M., 1956- Abbreviations in field and mine geological mapping. Economic Geology, 51(7), pp.712-723.

Chen, Y. and Zhang, Y., 2008- Olivine dissolution in basaltic melt. Geochimica et Cosmochimica Acta72, 4756-4777.

Craig, J. R., Vaughan, D. J. and Hagni, R. D., 1981- Ore microscopy and ore petrography, (Vol. 406). New York: Wiley.

Davidson, G. J., Paterson, H., Meffre, S. and Berry, R. F., 2007- Characteristics and origin of the oak dam East Breccia-hosted, iron oxide Cu-
U-(Au) deposit: Olympic Dam region, Gawler Craton, South Australia”. Economic Geology, 102(8), pp.1471-1498.

Einaudi, M. T., 1981- Skarn associated with porphyry plutons. I. Description of deposits, southwestern North America, II. General features
and origin, in Titley, S.R., (ed.), Advances in geology of the porphyry copper deposits of southwestern North America Tucson, Univ. Ariz.
Press, p. 139-183.

Galley, A. G., Hannington, M. D. and Jonasson, 1., 2007- Volcanogenic massive sulphide deposits. Journal of Mineral Deposits of Canada, 5,
141-161.

Haas J. L., 1971-The effect of salinity on the maximum thermal gradient of a hydrothermal system at hydrostatic pressure”. Economic Geology,
66(6), pp.940-946.

\Al



Ulols gz oely gl JuilS Gasigsj g uwlisinlS (ol o j o2llbo

Hassanzadeh, J., Gazi, A. M., Axen, G. and Guest, B., Stockli, D. and Tucker, P., 2002- Oligocene mafic magmatism in north-west of Iran:
Evidence for the separation of the Alborz from the Urumieh-Dokhtar magmatic arc. Geological Society of America Abstracts with Program,
v. 34, no. 6, p. 331.

Irvine, T. N., and Baragar, W. R. A., 1971- A guide to the Chemical classification of the common volcanic rocks”. Canadian Journal of Earth
Science, v. 8, 523-548.

Kawabata, H. and Shuto, K., 2005- magma mixing recorded in intermediate rocks associated with high-Mg andesites from the Stouchi volcanic
belt, Japan: implications for Archean TTG formation. Journal of Volcanology and geothermal Research Volume 140,241-271.

Komninou, A. and Sverjensky, D. A., 1996- Geochemical modeling of the formation of an unconformity-type uranium deposit”.Economic
Geology, 91(3), 590-606.

Lopez, G. P., Hitzman, M. W. and Nelson, E. P., 2013- Alteration patterns and structural controls of the El Espino IOCG mining district, Chile
Mineralium Deposita, 49(2), pp.235-259.

McDonough, W. F. and Sun, S. S., 1995- The composition of the Earth”. Chem. Geol., 120, 223— 253.

Middlemost, E. A. K., 1994- Naming materials in the magma / igneous rock system. Longman Groun u. k., 73 — 86.

Montoya, J. W., and Hemley, J. J., 1975- Activity relations and stabilities in alkali feldspar and mica alteration reactions. Econ Geol, V. 70, pp.
577-594.

Muller, D., Groves, D. L. and Stumpfl, E. F., 1993- Potassic igneous rocks and shoshonites aspotential exploration targets In: IAVCEI”. General
Assembly, Canberra, September 1993, Ancient Volcanism and Modern Analogues, Abstracts. International Association for Volcanology
and Chemistry of the earth’s Interior, Canberra, 76p.

Nesse, W. D., 2000-Introduction to mineralogy Oxford University Press, 442p.

Piercey, S. J., 2011- The setting, style, and role of magmatism in the formation of Volcanogenic massive sulfide deposits. Mineralium
Deposita,46(5-6), pp. 449-471.

Pirajno, F., 2009- Hydrothermal Processes and Mineral Systems. Springer, Berlin, Germany, 1250.

Shamanian, G., Hedenquist, J., Hattori, K.and Hassanzadeh, J., 2004- The Gandy and Abolhassani Epithermal prospects in the Alborz Magmatic
Arc, Semnan Province, Northern Iran. Economic Geology, Vol. 99, PP. 691-712.

Shepherd, T. J., Rankin, A. H. and Alderton, D. H., 1985- A practical guide to fluid inclusion studies. Blackie.

Weaver, B. L. and Tarney J., 1984- Major and trace element composition of the continental lithosphere. Physics and Chemistry of the Earth,
15, 39-68.

Whitney, D. L. and Evans, B. W., 2010- Abbreviations for names of rock-forming minerals. American mineralogist, 95(1), pp.185-187.

Wilkinson, J. J., 2001- Fluid inclusions in hydrothermal ore deposits. Lithos, 55(1), pp.229-272.

Wilson, M., 1989- Igneous Petrogenesis. UnwinHyman, London, 461p.

\Al



Scientific Quarterly Journal, GEOSCIENCES, Vol. 29, No.115, Spring 2020

Study of geology, mineralogy and geochemistry of the Robaei iron deposit,
South of Damghan

F. Fardoost", A. Abdollahi Hydarbaghi’and S. Baluchi?

'Associate Professor, Faculty of Earth Sciences, Shahrood University of Technology, Shahrood, Iran
2M.Sc., Faculty of Earth Sciences, Shahrood University of Technology, Shahrood, Iran
3Ph.D. Student, Faculty of Earth Sciences, Shahrood University of Technology, Shahrood, Iran
Received: 2018 June 19 Accepted: 2019 February 12

Abstract

The Robaei Iron deposit is located in 96km south of Damghan. Host rocks of deposit are Late Cretaceous limestones (part I) and Eocene
volcano- sedimentary rocks including sandy tuff (part II.( The alterations include chloritization, epidotization, argillation, silicification,
carbonatization and hematitization. Minerals forming can be divided into three groups; iron minerals (hematite, magnetite, pyrite, pyrrotite
goethite and limonite), copper- minerals (chalcopyrite, chalcocite, covellite and malachite) and gangue minerals (calcite, dolomite, quartz,
garnet, epidote and chlorite). The structure and textures of ore minerals are massive, vein- veinlet, open space filling and disseminated. In part I,
the metals grade of Fet is about 60%, Cu 0.7 % and Au 2.7 ppm and in the part II, the Fet are variables between 5.88 to 82.91% (average 31.2%),
Cu between 275 to 20761 ppm and Au 0.89 ppm. Fluid inclusion studies were carried out on quartz mineral from the part IT that homogenization
temperature is frequency variables between 200 to 249°C with salinity of 2-4% wt. %NaCl. Based on the results of this investigation, part I has

similarities with calcic skarn of low temperature and part II showed more similarities with iron oxide- copper- gold (IOCG) deposits.
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