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Table 1. Rare earth element and Y concentrations (ppm) in fluorites, calcites and carbonate host rocks in Pachi Miana
(PM), Sheshrodbar (Hch) and Kamarposht (KP) by ICP-MS method

Sample No. Sample Type La Ce Pr Nd Sm Eu Gd Tb Dy Yb Lu Y
Hch-12-F Fluorite 007 0.2 005 005 002 002 028 002 002 006 002 017
Hch-21-F Fluorite 006 01 004 005 00l 003 006 00L 00l 005 00l 0.11
Hch-31-F Fluorite 007 0.2 002 005 003 00l 006 002 003 003 003 026
Hch-39-F Fluorite 005 005 003 003 00l 002 005 002 002 002 00l 021
Hch-43-F Fluorite 046 0.1 005 006 004 316 115 001 003 243 012 048
Hch-44-F Fluorite 005 005 001 003 002 002 005 003 002 00l 002 021
KP-10-F Fluorite 0.6 038 003 021 006 003 01 00L 008 003 027 103
KP-2-F Fluorite 042 02 002 009 00l 002 009 00L 002 005 002 021
PM-42-F Fluorite 005 005 005 002 002 003 005 002 00L 001 00l 0.5
PM-14-F Fluorite 006 01 004 005 003 006 02 003 002 005 002 007
PM-1-F Fluorite 005 005 002 002 002 002 005 00L 003 002 003 0.5
PM-27-F Fluorite 008 0.6 003 007 002 003 012 004 002 002 00l 0.08
PM-2-C  Ore-Stage-Calcite 0.4 11 015 067 017 004 013 002 01 003 023 02
PM-36-C  Ore-Stage-Calcite 016 033 005 022 008 025 083 003 007 022 003 033
PM-27-C  Ore-Stage-Calcite 0.5 12 016 067 018 005 016 003 015 004 003 0.59
PM-14-C  Ore-Stage-Calcite 005 0.05 005 0.07 002 002 004 002 00l 004 001 0.04
BD-2 Basa”%;j'u'oper 528 932 111 436 109 243 151 022 139 141 017 7.69
Hch-17  Shale(Shemshak) 49.9 101 129 518 122 286 10.6 18 858 324 053 412

Hch-21-WR  Limestone hostrock  0.52 116 0.15 0.63 0.4 003 014 003 015 01 002 06

Hch-31-WR "meggr']%”’r‘gis‘;rock 058 091 01 042 012 068 265 003 019 058 003 0.8l

Hch-44-WR  Limestone hostrock 033 059 009 042 012 004 014 002 013 005 002 0.4

Limestone hostrock 037 0.8 009 036 008 002 009 002 008 004 00l 0.16

PM-27-WR
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Schneider et al.,1975; Joshef et al.,1984; Ekambaram et al.,1986; Eppinger and Closs 1990; Chesley et al., 1994; Bau et
al., 2003; Schwinn and Marki., 2005; Sasmaz et al., 2005; Schonenberger et al., 2008; Souissi et al., 2010; Sanchez et
al., 2010; Bonsall et al., 2011; Dill et al., 2011.

Table 2. REES and Y concentrations in standards including fluorites and calcites with various origin, sea water,
continental crust and post-Achaean Australian shale. Data derived from Schneider et al.,1975; Joshef et al.,1984;
Ekambaram et al.,1986; Eppinger and Closs 1990; Chesley et al., 1994; Bau et al., 2003; Schwinn and Marki., 2005;
Sasmaz et al., 2005; Schonenberger et al., 2008; Souissi et al., 2010; Sanchez et al., 2010; Bonsall et al., 2011; Dill et
al., 2011.

Standards Concentration La Ce Pr Nd Sm Eu
Sedimentogeneic A_ve_rage 1.07 2.16 0.36 1.79 0.68 0.76
hydrothermal Minimum 0.001 0.004 0.002 0.003 0.004  0.003
fluorite Maximum 55.7 115 16.8 83.1 36.2 53.4
Igneous-related A_ve_rage 57.23 76.95 35.63 41.26 18.617  6.507
hydrothermal Minimum 0.01 0.01 0.17 0.03 0.03 0.02
fluorite Maximum 4332 3772 1316 2019 1119 630
_ Average 14382  331.57 50.45 216.37 63.07 3.43
Magfmgi‘i’tgee“'c Minimum 24.37 39.17 9.55 31.55 17.15 05
Maximum 255 561.31 82.67 385 123.53 7.21
Average 14382 33157 50.45 216.37 63.07 3.43
Diagenetic Fluorite Minimum 24.7 39.17 9.55 31.55 17.15 0.5
Maximum 255 561.31 82.67 385 12353  7.21
Sedimentogenic Average 78.45 95.15 0.77 1.46 37.016  13.32
Hydg;t;ferma' Minimum 0.154 0.2 0.218 0.19 0.04 0.1
Maximum 330 701 1.26 4.06 264 109.6
Igneous-related A_ve_rage 88.87 281.42 64.42 307.04 54.78 6.66
hydrothermal Minimum 0.13 0.5 0.02 0.5 0.1 0.04
calcite Maximum 322 833 128 610 186 175
Average 45x10°  1.5x10° 7.5x107 3.5x10°  6.5x10°  2x10°
Sea water Minimum 3x10° 1x10°® 6x107 3x10°® 5x107  1x107
Maximum 6x10° 2x10°® 9x107 4x10° 8x107  2x107
Average 36.225  63.171 7.175 27.150 4.884  1.032
Continental crust Minimum 28.4 57.5 6.03 25.6 4.5 0.88
Maximum 71 66.4 8.2 30.4 6 1.21

Post-Achaean

Australian Shale Average 38.2 79.6 8.83 5.55 33.9 1.08
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Schneider et al.,1975; Joshef et al.,1984; Ekambaram et al.,1986; Eppinger and Closs 1990; Chesley et al., 1994; Bau et
al., 2003; Schwinn and Marki., 2005; Sasmaz et al., 2005; Schonenberger et al., 2008; Souissi et al., 2010; Sanchez et
al., 2010; Bonsall et al., 2011; Dill et al., 2011.

Table 2 (Continued). REES and Y concentrations in standards including fluorites and calcites with various origin, sea
water, continental crust and post-Achaean Australian shale. Data derived from Schneider et al.,1975; Joshef et al.,1984;
Ekambaram et al.,1986; Eppinger and Closs 1990; Chesley et al., 1994; Bau et al., 2003; Schwinn and Marki., 2005;
Sasmaz et al., 2005; Schonenberger et al., 2008; Souissi et al., 2010; Sanchez et al., 2010; Bonsall et al., 2011; Dill et
al., 2011.

Standards Concentration Gd Th Dy Yb Lu Y
Average 6.45 473 6.18 0.32 0.06 69.07
Sedimentogeneic Minimum 0.011 0.003 0.009 0.04 0.0002  5.38
hyi:mh?rmal Maximum 326 375 314 8.87 1.09 435
uorite
Igneous-related A_ve_rage 22.75 3.77 33.46  14.26 328 1417
hydrothermal Minimum 0.04 0.01 0.09 0.03 0.01  0.054
fluorite Maximum 1129 280 1826 901 250 4620
Average 48.14 1712 1385 9654  12.99  687.39
Magfmgi‘i’tgee“ic Minimum 25.05 7.3 39.5 6.49 061  188.8
Maximum 80.1 35.17  260.2 24623 4753 14358
_ _ Average 48.14 1712 1385 9654  12.99  687.39
D'F"’I‘ggpﬁgc Minimum 25.05 7.3 39.5 6.49 061  188.83
Maximum 80.1 35.17  260.2 24623 4753 1435.83
Sedimentogenic Average 0.918 3.97 0.79 2.15 0.375 0.01
Hydg;t;ferma' Minimum 0062 0037 0037 0015 0022 001
Maximum 2.92 37.6 2.59 17.9 5.95 0.025
Igneous-related A_ve_rage 112.46 13.87 1469  72.49 940  1188.77
hydrothermal Minimum 0.12 0.01 0.08 0.06 0.01 0.2
calcite Maximum 224 41.4 293 298 41 2371
Average 85x10°  8x10°  6x10°  1x10°  2x107 %10
Sea water Minimum 7x107 2x107  2x10°  8x107  1x107  1x10°
Maximum 1x10°  1.4x10° 9x10®  2x10°  3x107  1x10°
Average 4.042 0.671  3.240 21057 0329  22.550
Continental crust Minimum 2.8 0.481 2.9 1.47 0.233 17.4
Maximum 5.4 0.9 3.9 3.4 0.5 33

Post-Achaean

Australian Shale Average 4.66 0.774 4.68 2.82 0.433 -
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Fig. 2. Stratigraphic column of various sections from Triassic age in central Alborz and location of their ore-bearing
horizons (modified from Alirezaee, 1989; Gorjizad, 1996; Shariatmadar, 1999)
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Fig. 3. Mode occurrence and fabrics of mineralization in both field and hand specimen scales of studied ore deposits: A:

karstic caves filling by fluorite (FI) in Kamarposht deposit, B: Discordance of orebody respect to country rock (HR) in
Sheshroodbar deposit (view to the northeastward), C-D: ore with disseminate fluorite fabrics within silicified limestone
and dolomitic limestone in Kamarposht and Era deposits, respectively, E: Breccia ore in Kamarposht deposit, F: ore
with vein-veinlets galena within barite matrix bearing disseminate fluorites in Sheshroodbar deposit, G: Thick veinlets
of fluorite along with micro-veinlets of barite in host rock bearing fine-grained disseminate galena in Sheshroodbar
deposit, H. thick vein of fluorite within limestone host rock in Pachi Miana deposit.
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Fig. 4. Dominant textures of fluorite mineralization in studied ore deposits; A: Pseudomorphism cause of replacement
of dolomite (Do) by fluorite (FI) in ores from Sheshroodbar deposit, B-C: Corrosion texture cause of calcite (Cc)
replacement by fluorite (B) and fluorite (FI) replaced by barite (Bt) (C) in ores from Sheshroodbar deposit, D:
Network-like texture due to replacement of calcite (Cc) of host rock by fluorite (FI) in ores from Sheshroodbar deposit,
E: Island texture of barite (Bt) in ores from Sheshroodbar deposit, F: Relict texture cause of replacement of evaporate

minerals such as calcite and dolomite (DI) by fluorite (FI) in ores from Sheshroodbar deposit, G: Fluorite vein (FI) with
calcitic envelope (Cc) in ores from Pachi Miana deposit
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Fig.e 5. Range variations of total REEs concentration in samples from fluorite deposits of Elika formation in central
Alborz
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Fig. 6. Comparative trends of distribution and enrichment-depletion of REEs in fluorite samples from fluorite deposits
of Elika formation in central Alborz normalized to Seawater (Seawater values derived from Table 1)
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Fig. 7. Distribution and enrichment-depletion of REEs in fluorites respect to ore-stage calcite samples from fluorite
deposits of Elika formation in central Alborz
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Fig. 8. Comparative trends of distribution and enrichment-depletion of REEs in fluorites respect to carbonate host rocks
in fluorite deposits of Elika formation in central Alborz
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Fig. 9. Comparative trends of distribution and enrichment-depletion of REEs in fluorites respect to basalt and shale in
fluorite deposits of Elika formation in central Alborz
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Fig. 10. REEs distribution pattern in fluorite samples from fluorite deposits of Elika formation in central Alborz
normalized to Post-Archean Australian Shale (PAAS). Data for Post-Archean Australian Shale derived from Table 2.
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Fig. 11. Comparison of variations range of informative normalized REEs ratios among fluorites, ore-stage calcites,
shale, basalt and host rocks in fluorite deposits of Elika formation in central Alborz with continental crust and seawater
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Fig. 13. Enrichmen-depletion diagrams and distribution trends for REEs in fluorites from fluorite deposits of Elika
formation in central Alborz respect to fluorites with various origins (SHF: Sedimentogenic Hydrothermal Related

Fluorite, IHF: Igneous Hydrothermal Related Fluorite, DF: Diagenetic Fluorite). Data for fluorites with various origins
derived from Table 2.
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fluorites with various origins derived from Table 2.
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Introduction

The Central Alborz in eastern Mazandaran
province is host to the most important carbonate-
hosted fluorite deposits in Iran, such as Pachi-
Miana, Sheshroodbar, Era and Kamarposht. In
these deposits, mineralization occurs in the upper
parts of the middle Triassic Elika formation
(Vahabzadeh et al., 2009 and references therein).
These deposits have long been studied, and
various models are presented for ore genesis.
Nevertheless, ore genesis in these deposits is still
unclear. The present study of the geochemistry of
the REEs of these deposits is intended to improve
genetic models.

Materials and methods

Three hundred samples were taken from above
mentioned deposits. Samples were categorized
into 5 groups: (1) fluorite ore types, (2) ore-stage
calcite, (3) carbonate host rocks, (4) basaltic rock
around the deposits, and (5) shale of the
Shemshak formation. Fourteen pure fluorite
samples, 4 samples of pure calcite, 4 samples of
carbonate host rock, 1 sample of basalt and 1
sample of shale were analyzed for REEs by ICP-
MS at West Lab in Australia.

Results

Analytical data on fluorite from the Elika deposits
show very low REE concentrations (0.5-18ppm),
in calcite(0.5-3ppm) in carbonate host rocks -
limestone (1.8-7ppm), and in dolomitic limestone
6.5ppm, compared with upper Triassic basalt
(43ppm) and shale (261ppm). REE in fluorite of
these deposits are strongly enriched (10 2 to 10 ©
times) relative to normal sea water, ore stage
calcite and carbonate host rocks, especially for

*Corresponding authors Email: behnam.shafiei@gmail.com

mid-REEs (Eu, Gd) and heavy REEs (Lu, Yb,
La/Yb=~0.05).

Also, LREEs depletion (La/Sm= 2-10) and
HREEs (La/Yb=0.01-0.08) relatively enrichment
of fluorites compared with limestone (La/Sm=2.5-
4, La/Yb=0.1-1.5) and dolomitic limestone
(La/Sm=4.28, La/Yb=0.07-0.4) host rocks as well
as positive Eu anomaly are the most important
REEs signatures in fluorites.

Fluorite elsewhere in the world with low total
REE conten thas been interpreted to have a
sedimentary origin (Ronchi et al., 1993; Hill et al.,
2000; Sasmaz et al., 2005). Strong enrichment of
REEs in fluorite and carbonate host rocks
worldwide, relative to normal sea water indicates
that diagenetic and/or hydrothermal processes
have contributed to the process. Depletion of
LREEs and moderately strong HREE enrichment
in fluorite relative to carbonate host rocks is
interpreted to be post-sedimentation (Ronchi et
al., 1993;Hill et al., 2000). Thisis supported by the
hydrothermal character of the fluorite in the Elika
deposits and similarity between REE profiles and
those of fluorine-rich MVT deposits with
hydrothermal origin (Chesley et al.,1994; Bau et
al., 2003). Positive Eu anomalies in fluorite
elsewhere suggest deposition reduced conditions
and temperatures~250°C  (Bau et al., 2003;
Sverjensky, 1989). The present study indicates
that low total REEcontents in fluorite precipitated
from reduced hydrothermal solutions could be
caused by (1) increasing pH of the ore-forming
solution during interaction with carbonate host-
rock, (2) gradually decreasing F concentration in
hydrothermal  solutions due to different
generations of fluorite mineralization, and (3) low
REE contents of carbonate hostrocks.
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