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1-Introduction

due to the increasing progress of today's technology and the use of rare earth elements and the strategic
nature of these elements, as well as the country's industry's need for these elements, the study and
exploration of these elements are of great importance. Iran's highest concentrations of rare earth elements
are in phosphate and iron-apatite deposits and coal ashes. It is also possible to mention the lower
concentration of these elements in bauxite deposits, laterites, and placers. The distribution of these elements
in different deposits has been determined based on the studies conducted on these deposits. Still, in the Senj
deposit from the central Alborz zone, a new type of mineralization of rare earth elements with significant
grades was observed, which can promise the mineralization sector. Widespread in this zone. Scattered
intrusive masses in the central Alborz area of late Eocene to Oligocene age (23 to 37 million years), with
infiltration in pyroclastic rocks of the Karaj Formation and its equivalent, lead to the occurrence of deposits
and various mineral signs with an epithermal nature (vein type). And proximity (skarn) in the central part
of the Albers magmatic arc (Ghorrbani et al., 2006; Valizadeh et al., 2007) (Fig. 1). The intrusive volcanic
rocks in central Alborz host many metallic and non-metallic ore deposits and traces such as copper, iron,
manganese, lead, and zinc and building stones, which are the continuous occurrence of volcanic activities
and the subsequent occurrence of various siliceous, phyllic, propylitic and Similarly, it has become a
suitable platform for tracking mineral signs (Khoei et al., 2008). This deposit is 60 kilometers west-
northwest of Tehran and 15 kilometers north of Kurdan. In this deposit, mineralization in the form of
molybdenite, chalcopyrite along with the secondary mineral of cobalt (erythrine), is located at the lower
contact point of a flow of monzodiorite, latite, andesite porphyry with thin shale and tuffite sediments of
the Eocene layer inside the shale-tuffite deposits. Porphyry latite monzodiorite Sill with a thickness of more
than 300 meters and a length of more than 2 kilometers inside the Eocene clastic-meta clastic deposits on
the south side of the anticline below the Sill, which is a skarn-like epidotite-chlorite zone with a thickness
of several centimeters to more than 0.5 meters.

2-Geology of the mining area

Regional faults and folds in the Alborz region have the direction of west-northwest and east-northeast. The
Karaj intrusive Sill, which is known as one of the enormous intrusive masses in the region and the primary
driver of mineralization in the Senj region, has also been replaced by the west-northwest direction of the
Adraan transgression among the pyroclastic rock units of the Karaj Formation. The most extensive
outcropping rock units in Senj Mine are the igneous rocks of the Karaj Formation of the Eocene Age. The
upper tuff member consists of porphyry tuff and andesite porphyry tuff units as the host of mineralization
in the Senj area (Fig. 2) intrusive Sill at the foundation of Karaj Dam, which has a plate-shaped appearance
with a thickness of 460 meters and a SW-NE direction of 60 among the igneous units of the formation.
Karaj has been replaced. According to Valizadeh (1985), the lithological composition of this intrusive Sill
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from the margin towards the center includes four parts (1) rapid freezing margin (porphyry gabbro), (2)
gabbroic part (hyalo-microlitic porphyry) (3) diorite part (granular) ) and (4) the monzonitic section
(granular to ophitic), all of which are exposed in the mineral range. As can be seen in the geological map
of the mineral area and according to the location of ore formation is in the metasomatism contact zones in
the monzonitic to monzodioritic Sill (Fig. 3a) parallel to the igneous rocks and in the host of the tuff rock
units. Up to andesite-tuff porphyry has occurred. (Fig. 3b).
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Fig. 1. (a) Tectonomagmatic map of Iran and the location of the Alborz magmatic arc in it (base map from Nogol-
Sadat and Almasian, 1993), and (b) Map of faults and distribution of main and secondary intrusive masses in central
Alborz (with changes from Valizadeh et al., 2007) and the location of the geometer in it. Abbreviations include Alborz
magmatic arc (AMA), Urmia Dokhtar magmatic belt (UDMB), Eastern Iran Magmatic Complex (IEMA)
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boreholes, trenches and main faults related to ore production is specified.( with changes from Puchabkavosh 2007).
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Fig. 3. (a) Close-up view of monzodiorite unit and (b) The location of the metasomatism contact zone in the
monzodiorite Sill with porphyry tuff at the location of the mine's main tunnel.

3-Geochemical studies

Lithogenochemical sampling by chip sampling in the form of 4 profiles with profile intervals of 450 to 600
meters in the northeast-southwest direction and with a baseline at an inclination angle of 36 degrees with
variable station distances relative to each other and the order of placing the profiles in The heuristic range
of the surveyor from east to west, respectively, consists of profile 2-east, profile 1-east, profile 2-west,
profile 1-west, all around a hypothetical baseline between profiles 1-west and 1-east along the azimuth
Aligned approximately 36 degrees. During this project, 63 stone samples of various stone complications
were selected and harvested. (Fig. 4). Studying the genetic relationship of each rock species observed in
the region with the discovered mineralization system is another point that will be discussed further by
presenting chondritic diagrams.

50°5820"E S0°58'40"E 50°59'0"E 50°5920"E 50°59°'40"E SI°00"E SIP020°E SIP0'40°E SII'0"E SIFI20"E SIFI'40"E

36%1'40"N

36°120"N

.
12584
19302

O
@voss

z
g

30N

O
158.41

°
11152

36°020"N
36°0°20"N

(J O )
O 33.92-661.53 11804 1053 21595

O 661.53-1327.33

()
O 1327.33-2533.26 166

36°0/0°N

°
0.4

=]

0 025 05 1 1.5 - Senj Lithogeochemical Follow-up Studies - Value of Sample Stations

Kilometers Map Coordinate System : WGS1984

Fig. 4. Dispersion map of the sampling stations of the stone outcrops of the exploratory range of the Senj, in which
the total values of rare earth elements are shown in the form of a comparative gradient pattern at the location of each
station.
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The chondritic diagram of the lithogeochemical samples taken from the study area is presented in Fig.
5. Although it is believed that the intrusive mass is the only phase that provides the content of rare earth
elements, the host rock also fed hydrothermal fluids from the point of view of rare earth elements due to its

slightly alkaline nature.
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Fig. 5. Spydrogram diagram resulting from the normalization of lithogeochemical samples taken from the
exploratory range of Senj concerning the chondritic values provided by McDonough.

Electron Image 1

250pm

Fig. 6. Schematic of objectives 1 and 2 in the electron microscope (SEM) image of a typical allanite mineral sample

obtained from the sample Se-L14 along with the results of point

4- High-grade mineralogy

analysis.

Considering some quantitative and qualitative inadequacies in the results of XRD studies, as well as the
incidence of high diffraction in the spectral patterns obtained from the two priority samples, Se-L14 and
Se-L20, two typical samples were considered. The primary host of rare earth elements in these samples was
carefully selected, and a part of it was softened with the help of an opal mortar under strictly controlled and
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controlled laboratory conditions to avoid any side contamination, and the XRD results indicated the
presence of albite minerals. Epidote was allanite type (Ca, Ce, La, Nd, Y)(AI2Fe)(Si207)(Si04)O(0OH),
calcite and chlorite, and in SEM analysis at the Applied Research Center of Geological and Mineral
Exploration Organization of Iran, there were 13 points in total. It was targeted from the typical sample of
allanite mineral in high-grade samples (with the total grade of rare earth elements 3.06% and 4.4%,
respectively). Point analysis showed that the main minerals of the mineralized part included an allanite
phase scattered in  The background of other paragenes, especially epidote, s
Caz(AlzFe)(Si04)(Si207)O(0OH) pistasite type (Fig. 6).

5-Investigation of the sulfur isotope in the Senj deposit

Stable isotopes play an essential role in identifying the origin of minerals and determining the type of
magmatic-hydrothermal solution. The important stable isotopes used in this regard are 20 *s-*’s, D-H, and
12¢-B¢. Isotopic studies of oremeter on chalcopyrite and molybdenite samples were carried out in the stable
isotopes research laboratory of Arak University; a summary of the study method is given below: The isotope
ratio mass spectrometer is designed to analyze simple gases such as N2, CO, SOz, H,, CO,. to measure *S5;
Elemental Analyzer method was used in combustion mode. In this method, the sulfur in the sample is
converted into SO, gas after entering the mass spectrometer; By determining the mass ratio of 66 to 64, the
%38 parameter is determined, and SO, reference gas pulses were applied to compare the sample with the
reference and check the stability of the system. To calibrate the SO, reference gas, the IAEA-S-4 standard
with the certified value of CDT %0*'S = +16.9+0.25 was analyzed using an elemental analysis device -
isotope ratio mass spectrometer (EA-IRMS) in combustion mode. The results of measuring 34S4 in samples
containing sulfur are reported in the table below. In the comparison of **S & sulfur isotope changes in the
Senj deposit with the ore-forming type of sulphide deposits in different porphyry and hydrothermal
deposits, it is observed that it is most compatible with magmatic-hydrothermal deposits (Fig. 7).

6-Probable type of mineralization in the Senj deposite

The deposit is of hydrothermal type, and according to the characteristics of the mineral matter being highly
variable from high-grade veins to intrusive rock, it is of the kind of polymetallic sulphide vein and
replacement deposits with scattered texture and stockwork, and the type of mineralization can be any of the
above. Uranium-rare earth elements, skarn type deposit of Mary Kathleen in Australia, is an essential and
well-known deposit in the world, considered one of the skarns with non-carbonate host rock. The Mary
Kathleen deposit has similarities with the IOCG deposits located in nearby areas in the Cloncurry belt of
Australia. The mineralization of rare earth elements in the form of pseudo-skarn resulted from
metasomatism (Scott, AK & Scott AG, 1985). A comparison of the mineralization type of rare earth elements
in the Senj deposit with the large deposits of rare earth elements in the world shows that this deposit has
many similarities with the Marie Catlin deposit, and the mineralization of rare earth elements in both of
them is pseudo-skarn and as a result of metasomatism.
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7-Conclusion

The results of geochemical studies in the Senj deposite indicate the existence of a valuable deposit in terms
of mineralization of rare earth elements and base metals. In general, considering the importance of rare
earth elements, in the following, we will examine the state of its geochemical concentration in the intrusive
mass and the host rock. The concentration of rare earth elements is more favorable in the area of the
intrusive Sill with monzogabbroic to monzonitic-sinomonzonitic composition and in the lower area of the
Sill. Considering the ability of the oremeter to concentrate rare earth elements, investigating this type of
mineralization in the mentioned areas is essential. It is hoped that it will lead to identifying other valuable
deposits in this zone.
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Fig. . 2. (a) tectonomagmatic map of Iran and the location of the Alborz magmatic arc in it (Nogol-Sadat and Almasian,
1993), and (b) Map of faults and distribution of main and secondary intrusive masses in central Alborz (Valizadeh et al.,
2008) and the location of the geometer in it. Abbreviations include, Alborz magmatic arc (AMA), Urmia Dokhtar
magmatic belt (UDMB); Eastern Iran Magmatic Complex (IEMA).
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total values of rare earth elements are shown in the form of a comparative gradient pattern at the location of each station.
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Table 1. Table of description, coordinates and Results of total rare earth elements of lithogeochemical samples taken from
the exploratory range of Senj.

| REE REE
sarcn;d: description z latitude Longitude sample code description z latitude Longitude
Green tuff 232 1511
with high . - . .
Se-LO01 3984973 498227 Se-L33 Highly argillic tuff with malachite 3985310 501474
manganese
staining
Se-L02 Andesite tuff 213 3985401 498347 Se-L34 Monzosinite is strongly altered 248 3985635 501545
Albiti 1 2l
Se-L03 _ Albitite % 3985772 498410 Se-L35 Relatively altered monzosinite 03 3985738 501582
epidote tuff
Chilean tuff is 192 188
Se-L04 strongly 3985948 498658 Se-L36 Monzogabbro-monzodiorite 3986319 500835
altered
Highl illi 187 1
Se-Los 'Y arg'tu'fi 87 3086125 498535 Se-L37 Slightly altered monzosinite 8 3985051 501635
Thracian 196 152
Se-L06 andesite s 3986704 498907 Se-L38 Sinite 3986069 501663
relatively
older
Green tuff 183 141
Se-Loy Withlamellar 3987008 498899 Se-L39 Monzonite is highly altered 3985197 501445
phenocrysts of
amphibole
Se-L08 Epidote tuff 118 3984450 499266 Se-L40 monzonite 152 3985477 501512
Strongly 173 147
Se-L09 altered 3984720 499346 Se-L41 Highly argillic-siliceous tuff 3985126 501427
andesite tuff
strongly 484 318
Se-L10 altered 3986164 498918 Se-L42 Highly argillic tuff with malachite 3986947 498795
chlorite tuff
Se-L11  Argillized tuff 235 3985320 499519 Se-L43 Monzosinite is strongly altered 199 3986438 498619
Se-L12 Sand "tt:'fi 342 5985639 499595 Se-L44 Moderately altered monzosinite 64 3985619 498404
se-t1s  Altera touﬁ:i‘i 121 ogs720 499639 Se-L45 Epidote tuff 41 3985156 498210
Se-L14 Green tuff 30474 3985922 499732 Se-L46 Highly argillic-siliceous tuff 704 3985160 498274
Green tuff 200 598
Se-L15 with mafic 3986103 499752 Se-L47 Strongly altered andesite tuff 3984654 498152
phenocrysts
Se-L16 i Ch'otr:f‘; 213 986318 499803 Se-L48 strongly altered chlorite tuff 184 3984937 499356
Altered 3579 149
Se-L17 chloritized 3985867 499684 Se-L49 Argillized tuff 3985176 499434

andesite unit
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Se-L18 Green tuff 160 3983954 500168 Se-L50 Sand lithic tuff 302 3985479 499572
Se-L19 Green tuff 149 3984304 500262 Se-L51 Altar unit 138 3986709 499887
Se-L20 Andesite tuff 39220 3985630 500647 Se-L52 Green tuff 239 3985091 500499
Se-L21 Limestone 291 3984924 500440 Se-L53 Green tuff with mafic phenocrysts 202 3984710 500397
Relatively 246 179
Se-L22 lighter green 3985333 500542 Se-L54 lithic chlorite tuff 3984342 500339
tuff
Se-L23 P;’n'fjeh;'tﬁ 181 3986149 500793 Se-L55 Altered chloritized andesite unit 165 3985406 500135
Se-L24 Monzodiorite 146 3984587 500339 Se-L56 Green tuff unit with erythrin coating 45 3984961 501387
Traky 1986 177
andesite-
Se-L25 . 3985967 500697 Se-L57 Green tuff 3984102 500365
andesite
tephrite
Se-L26 Sandy tuff 171 3985725 500673 Se-L58 Andesite tuff 186 3984036 499140
Se-Lpy ~Monzonite - 148 393804 501066 Se-L59 Limestone % 3085508 499885
monzodiorite
Se-L28 Tuff 144 3984073 501156 Se-L60 Green tuff is relatively lighter 180 3984699 500873
Se-L29 Sandy tuff 248 3984319 501228 Se-L61 Andesite porphyry altera chlorite 234 3985815 499217
Se-L30 a’:g:;ig 159 3984389 501181 Se-L62 Healthy monzodiorite 318 3985918 498937
Se-L31 Gray sand 162 984746 501325 Se-L63 Tuff 27 3985035 501665
lithic tuff
Highly 517
Se-L32 argillic- 3985271 501461
siliceous tuff
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Fig. 7. The histogram of the changes in light rare earth elements in the lithogeochemical samples taken from the

exploratory range of Senj (logarithmic data scale at the base of Nepreiane).
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Fig. 8. Histogram of changes in heavy rare earth elements in lithogeochemical samples taken from the exploratory range

of Senj (logarithmic data scale based on Neperian).
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Fig. 9. Spydrogram diagram resulting from the normalization of lithogeochemical samples taken from the exploratory
range of Senj with respect to the chondritic values provided (McDonough and Sun, 1995).
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Fig. . 11. Ward's variable cluster analysis graph for the range of rare earth elements and base metals of lithogeochemical
samples obtained from the ore mineralization zone in the exploratory range of Senj.
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Fig. 12. Schematic of objectives 1 and 2 in the electron microscope (SEM) image of a typical allanite
mineral sample obtained from the sampleSe-L14 along with the results of point analysis.
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Table 2. The results of measuring 6*S in samples containing sulphur.

Sample name

IAEA-S-4

IAEA-S-4

Standard
Sample 1 Chalcopyrite
Sample2 molybdenite

device type

Number of

34Qo,
repetitions 834S%0(CDT)
True Value:
+16.9+0.2
Obtained Value:
3 +16.3120.16
-4.19+0.17
3
-9.87+0.20
3

Isotopic ratio spectrometry-elemental analysis in combustion mode




Y O)Lo.a::J AF 0,92 AFeY )—ul.'

w

PN s, . &s
A iy (69 )5 (glids (e j.',;forf/:,‘.-;a@b

3 IYIF sgam 45 JLuslS cpl 5l ol Feinl Kauls s SL
5o )L......‘[S U"‘ el 039 U" Qeoveees
0385 S Dyglme yo g o8 GLLSIS slaXin
o> Lol slbals ol sasgdly sl S ST sdei
HlslS azien el g el weasilygl S ol polie
L sleles sl (Mary Kathleen Deposit) LS s L
65555lS 0k 108 45 gl 3blie ;o &8ly IOCG (sla,Lusls
-5 .(Derrick, 1977) cuws 35 Wizt (Cloncurry)
ax 3 5 (Sl Al Ojg0a ( SB b ole il
.(Scott and Scott, 1985) <l sosl 04594 punsloguslio
597y Selis i LS 5 b ke JLlS annlie o

sl le as ols

Oygods Ll g3 y2 50 (SB o polie ile Sl

JeSzs Ul ) laguss 5 guin 0asl (g slooysj

La) S g9 51 S ,0b polie TAD 3l g col oals
il a8l 55 pai ol o a5 ain (Ce

305 Sl Al Ojgoas S ol ole g5le SIS

b 0,8l jo il sl gz g pandilogulie Azl
30 o8l LSS als e g0 ;0 a8 Canleply ouuae (o SlS
slaJsloe dhrwgey yolic suze S 20 5 il Sloj 56 90
o S b yolie (Fubié Jole ogo 6, o
5 @hme bl aargl 8w Ll 95 ol
Sl g9 nl & Cl (nlp jpai (BLasST slags i
S azsl bapline 595l azes 50 5 (63985 0095 O jglma 4o
2 ttesS pesilogulio ol (il 5 (3 yslme 355 ,59) 0
S92 gy (b azis o polic suzme S 25 5 Ao e i

Slagwis O)gots Ll 93 52 50 Gadlgn (3lu SIS

)L:.C).: O yq0d o5 9 0.\35‘).: 9 (WD p.'ag 09N 9 o\.\.cl..éu_‘)
s S Gkl 58 sl b S8 A glplis
.0)‘0 09.?5 )L..«.,lf 9$ O J.&w) O™ 9 @»ng_i».w au’_;Lw)fé
Syge ool G5 Ollllas alile mls 5 L

JilS oogaze jo (S ol polie a5 ol oy a8 F
Hsls Bld 5l aslassly 55 a3 el g el o g
50l aday LI ol o S 65l LS L e oo |y ow

YYY

A0 0,568 glp A g0 laibinl geign! Sldlas o
'uLQ,» (FES) uu.l)jg).v ) PLW L.S‘J)f; Camlods C\J;
ol 5 a8 el I 0l Uiyl jo esls shls sl Sow
. a ea @ Los . 34 . e.
9 Clodds w;).}a.s oo J“)“ 6 S U‘J"’A &muLéru
S5 ke 5145 sl et saias Lt diges Sy o 8348
Ohmoto and Rye, ) el eas slol o)1 1o (e diwgs 4
b Sw a3 > 01, 0,565 Cgignl Ol s a5 Sl 1979
Sleaas] glacKin ;0 a5 5gd o odalive «puiS oo danlllas
So5 b yao O3S wl s Sl 21 - %0 534Sl s
838 s é el LSl Lo slls 5,555 wsl o] &
Log by of 510,568 a5 cunl a5 ol sasmolis 5
ol a3 5 Lis o s

T Ll o s 3555 Ogigpl Oluss auslia,s
5 Srrm byl )0 updlsw la, Ll olials s b
L gldail o ing a5 098 oo cdnlin i Jlboyisg,as
O FUSE) el glo 5= SlaassT sla,Luls
T dul 50 o1l Jodxo i —A
ahd ek Cou 3y50 LS 358 9)lge adST 4 colie L
535wl SHals 5L S abgyye b g Live G 5 wlgs od
G ol lp )ladlS oabad g oty Jow SO anass s
Slao adxgil g o0gs oo )T g5 51 LuslS aS el ol aily oo
S oty Hle y sloaS ) 5l Sos oole wyalds (6 3y s
5 SIS, adlaw 3 wir Gl gg 5l 2S5s,0
S ol Sleplis wpaz il bl 398 9,150 51 S0 Wlgi e
Gl LS L 598 (slo,Luils ool axslis bl g o olgie
Jenily w JLlS a5 o) 092 Jlesx! ol w508y
wlls e Bee o 1) by sla)ludls 4 b hias
-Gl S ol ol —pgilygl Sl o LS Lol
Sl Lo j0 oulaislils g s LuslS S WIal jo 51
"o e SLayS e Gl S b lo Sl 32 a5
gl Gaa b gl ahie cpaiz o [LlS ol sl
Baws 5l pelen 5 485 15 )lopone )90 ol
0S| Guee) REO o3 Yoveee
b yole jle cwl o zlziul (S S 0l olie



Y O)Lo-ai': AF 0,92 AFeY )—«.'L'

%

.a o W M 5
Wiy 635 (ol (e Sl Eart s

l Volcanic S

-10/+10%e
Evaporites
Riverine S ks Oceanle +21%0
+8%, sulfate Biogenic S
+21% =20/-40%o
Mantle S 1
+3/+13%e
Sulfur
— immobilized

in sediments

Conical Seamount

Ladolam deposit

L oeblSs b Lils slacsill jo jolic woys ¥ Jgax
g;";,ui oS 5 om0l alis Sloads duslie T Jiowiy
.(Ohmoto and Rye, 1979) s 0 sonlin

%S%.
=20 =10 0 +10 +20 +30
I I ] | 1 1 | I I
S |
I
I
I

1
|
|
1 1
Porphyry ! ! ;
el | I
transitional ' | lb O
enitherms | I |
epithermal | _ 1 1
High salfidation . | ——
epithermal deposits M - " . \ "
Low sulfidation | I I ! I
epithermal deposits | : l_ : : :
1
Senj Mine ! ! — | ! | |suifided |
’ 1 1 |
Magmatic- ! I_ ! =
1 | 1 = B
hydrothermal : ' \ | pulfides| |
cpithermal | I | | |

5 Jloygond il sl ,LluslS Lawsliol g HLlS o 834Ss 545 Cgignl &l s odgame 03480 ,555 Cgigpl ol pmas-VF S

Sty

Fig. 14. Sulphur 6 34S isotope changes, the range of §34S sulphur isotope changes in Senj deposit with comparison with

different hydrothermal and porphyry deposits.

g Ll b B 5o JslS slocslT 5o olic auoyo aunlio =Y Jgax
Table 3. Comparison between the percentages of rare earth elements in the allanites of Sanj deposit with Mary Kathleen

Deposit.

chemical mixture

Al;,04

SiO;

CaO

FeO

La203

Ce, 03

Percentage of elements in Marycatlin allanite

The percentage of elements in the allanite meter

17.80% 11.6%
35.24% 32.2%
14.47% 9.6%
14.01% 19.3%
6.31% 11.1%
9.75% 16.2%
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