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The Introduction of Volcanogenic Uranium Mineralization Using
Geological, Alteration, Mineralization and Geochemical Evidence at
East Bam (South - East of Iran)
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1. Department of Geology, Faculty of Science, Lorestan University, P.O. Box: 68151-44316, Lorestan, Iran
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3. Materials and Nuclear Fuel Research School, Nuclear Science and Technology Research Institute, AEOI, P.O.Box: 11365-8486, Tehran — Iran
4. Faculty of Engineering, University of Tehran, P.O. Box: 1439951113, Tehran, Iran

Abstract: The studied area is located in the central Iran micro-continent, in the southern part of Lut block,
45 kilometers east of Bam Township. The main units of the area are mostly intercalation of pyroclastic rocks
and lava layers in the age of Eocane, with the general trend of southwest- northeast and include high
potassium calc- alkaline magma that their formation are related to the tectonic environments of magmatic
arc and subduction zone. Argillic, silica, hematite, zeolite and chlorite alteration are observed in the area in
relationship with uranium mineralization. The geochemical complexes related to uranium presence were
identified in the study area. They are: complexes in relation with acidic and moderate rocks, including U-W-
As-Mo-S-Cu-Ag, and complexes related to the basic igneous rocks, including U-Ni-V-Ag-Co-W-Mo-Cr-
Cu-S. The main observed structures and textures in this area involve stock work, vein veinlet, corrosion,
radial, release and peripheral membrane. The main mineralization in the area includes uranium secondary
minerals contains Boltwoodite, Phosphuranylite and carnotite, manganese oxides, iron oxides and
hydroxides, a few sulfide, zeolite mineral group and other minerals groups which mostly are formed under
the influence of hydrothermal and late supergene processes. Based on a comparison pattern of mineralization
in the area and its adjustment with the geological, alteration and geochemical conditions in uranium deposits,
the most possible choice for mineralization type in the area has been introduced as volcanogenic uranium
mineralization.

Keywords: Uranium Mineralization, Volcanogene, Alteration, Bam
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Ag 616.00 4.41 -5.30 089 | -1680.97 | -273 0.03 0.83 0.68 017 0.10 0.45 0.20
Al 616.00 8.96 2.56 1148 | 574342 9.32 0.04 1.04 1.09 052 0.10 0.02 0.20
As 616.00 6.65 -1.39 5.26 1594.74 2.59 0.06 1.50 2.24 -0.11 0.10 -0.41 0.20
Ba 616.00 5.05 1.06 6.11 2660.29 4.32 0.04 0.97 094 0.03 0.10 -0.06 0.20
Be 616.00 371 -2.30 1.41 -254.91 -0.41 0.04 0.89 0.79 0.07 0.10 -0.18 0.20
Ca 616.00 6.79 553 1232 | 563340 9.15 0.50 1.20 1.60 0.00 0.00 -0.30 0.19
cd 616.00 3.84 -3.69 0.15 -1769.68 | -2.87 0.04 1.02 1.04 114 0.10 0.54 0.20
Ce 616.00 | 106.81 0.19 107.00 | 23732.85 | 3853 0.80 19.79 39155 1.41 0.10 3.27 0.20
Co 616.00 6.11 -2.30 381 378.05 0.61 0.06 1.59 2.53 0.45 0.10 -1.03 0.20
cr 616.00 453 0.00 453 1449.95 2.35 0.04 1.08 117 0.02 0.10 0.01 0.20
Cs 616.00 6.32 -3.00 3.33 678.79 1.10 0.04 1.08 117 -0.10 0.10 0.33 0.20
Cu 616.00 464 0.10 4.74 127015 2.06 0.04 1.07 114 0.73 0.10 -0.43 0.20
Fe 616.00 481 6.59 1140 | 571505 9.28 0.04 0.95 0.90 0.51 0.10 -0.80 0.20
Ga 616.00 4.99 -1.90 3.09 764.81 1.24 0.03 0.84 0.70 -0.28 0.10 -0.11 0.20
Ge 616.00 3.40 -3.69 029 | -148179 | -2.41 0.04 0.96 092 0.23 0.10 -0.97 0.20
Hf 616.00 554 461 0.93 -409.21 -0.66 0.03 0.72 052 -0.85 0.10 2.25 0.20
K 616.00 | 13893.00 | 107.00 | 14000.00 |2550646.00| 414066 | 106.79 | 2650.42 | 702473328 | 177 0.10 3.92 0.20
La 616.00 60.56 012 6068 | 12537.55 | 20.35 0.42 10.39 108.04 1.35 0.10 3.70 0.20
Li 616.00 543 -1.39 4.05 1205.79 1.96 0.04 0.98 0.97 -0.03 0.10 -0.06 0.20
Mg 616.00 6.50 3.76 1026 | 474338 7.70 0.05 1.32 1.73 0.04 0.10 -0.59 0.20
Mn 616.00 4.90 333 8.23 3815.10 6.19 0.05 1.20 1.44 -0.04 0.10 -0.71 0.20
Mo 616.00 4.43 -3.00 1.44 60.29 0.10 0.03 0.7 0.60 0.16 0.10 -0.12 0.20
Na 616.00 5.98 537 1135 | 544312 8.84 0.05 1.30 1.68 0.37 0.10 -0.67 0.20
Nb 616.00 561 -3.69 1.92 1231 0.02 0.07 1.62 2.62 136 0.10 0.73 0.20
Ni 616.00 3.76 0.00 3.76 1001.67 1.63 0.04 1.04 1.0 0.51 0.10 -0.42 0.20
P 616.00 7.06 0.92 7.98 2824.95 459 0.07 1.84 3.39 0.01 0.10 -1.00 0.20
Pb 616.00 5.16 -161 3.56 1175.86 1.91 0.03 0.81 0.66 -0.05 0.10 0.50 0.20
Rb 616.00 | 10125 0.05 101.30 | 1462655 | 2374 0.71 1759 309.24 1.78 0.10 4.04 0.20
S 616.00 6.95 3.22 1017 | 474552 7.70 0.05 1.35 1.83 -0.76 0.10 0.75 0.20
Sb 616.00 5.40 -3.00 241 -114.07 -0.19 0.06 1.52 2.32 017 0.10 -0.85 0.20
Sc 616.00 438 -0.69 3.69 676.58 1.10 0.05 117 1.38 0.23 0.10 -0.87 0.20
Se 616.00 3.95 -3.69 0.26 -1167.91 | -1.90 0.05 1.15 1.33 -0.08 0.10 -0.69 0.20
Sn 616.00 2.10 0.10 2.20 498.60 0.81 0.01 031 0.10 0.74 0.10 2.64 0.20
Sr 616.00 5.46 1.53 6.98 3003.42 4.88 0.04 1.10 121 -0.19 0.10 -0.37 0.20
Th 616.00 25.19 0.01 2520 | 5826.52 9.46 0.20 491 24.11 0.01 0.10 -0.50 0.20
i 616.00 6.86 1.61 8.47 3427.44 5.56 0.0 1.33 1.77 0.24 0.10 -0.69 0.20
Tl 616.00 3.00 -3.00 0.00 114682 | -1.86 0.04 0.97 094 0.61 0.10 -0.74 0.20
U 616.00 6.00 177 4.23 962.74 1.56 0.06 1.37 1.87 0.67 0.10 -0.23 0.20
v 616.00 6.12 0.00 6.12 1900.66 3.00 0.06 1.56 2.44 0.08 0.10 -0.97 0.20
w 616.00 416 -3.00 1.16 -514.27 -0.83 0.04 1.02 1.05 0.20 0.10 -0.37 0.20
Y 616.00 37.07 0.06 37.13 | 706596 | 11.47 0.32 7.90 62.42 1.78 0.10 3.29 0.20
Zn 616.00 7.42 -2.30 512 2030.29 3.30 0.04 0.96 092 -0.80 0.10 3.24 0.20
zr 616.0 55 0.7 48 1790.3 2.9 0.0 0.8 0.7 03 01 1.0 0.2
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Al -124™ 1 Corrilation

As 4017 023 1 e >0

Ba 2497 | 1547 | 2417 1 b sl | 0.0:0.2

Be 3327 | .496” | 5147 | 3987 i ol | 0204

Ca -158" | 493" 022 2027 | .166™ 1 L | 0406

Cd 77" | 3207 | 266" | 407" | 5277 | .424” 1 YL | 06-08

Ce 332 415 409 297 5397 | 109 292 1 YU 5| 081

Co 083" | 7227 | 076 | 3757 [ 4847 | 665 | 5837 | 2847 1

Cr 2487 | 2377 | 144" | 2837 | 318" | 2347 | 3607 | .1817 | .487" i

Cs 052 644" | 130" | 189" | 5477 | 266" | 301 | .388" | 5157 | 2487 1

Cu 044 633" | 082" | 3507 | 475" | 5507 [ s64™ | 2527 | 892" | 6257 | .486" 1

Fe -077 | 7577 | 079 | 349" [ 489" | 500 | 5297 | 3707 | 900" | .403” [ 508" | 824" 1

Ga 004 | 8397 | 238" | 3607 | 7297 | 419" | 4977 | 5947 | 748" | 3267 | .644™ | 665" | 760" 1

Ge -012 | e77” | 158" | 3977 | 61 | 5467 | 5717 | 300" | 866" | 3917 [ 508 | .789" | 908" | 772" i

Hf 4727 | 4727 | 094" | 2167 | 403 | 152" | 2067 | 6107 | 3357 [ 211" | 311" | 2857 | 4207 | 542” | 405 1

K 336" | 2017 | 266" | 3117 | 4177 | -038 | 152" | 601" | .46 | .156™ | .478” | 186" | 2127 | .414™ | 210" | 339" 1

La 3297 | 3707 | 404" | 2647 | 5067 076 211" | 984" | 2127 | 128" | 3607 | 1777 | 2047 | 5837 | 328" | s66™ | .602” 1

Li -1s77 | 677 | 027 | 2277 | 3527 | 5727 | 3547 | 3107 | 6547 | 777 | 4927 | 5547 | 6287 | 6427 | 6207 | 3987 [ 102" | 2787 1

Mg -297" | 742" | -000" | 76" | 2927 | 748" | 344 | 1837 | 766" | 1917 | .496” | 6147 | 7137 | 661" [ 675" [ 2757 034 134”781 a

Mn 1267 | 2267 | 475" | 6257 | 4717 | 412™ | 6177 | 283" | 528" | 307" | 261" | 483" | 452" | .419™ | 504 | 256" 071 212" | 3957 | 342" 1

u 2617 | 3337 | 379" | 2757 | 586 | .104™ | 5357 | 203" | 459" [ 3717 | 3607 | 4577 | 3027 | .484™ | .441™ | 430" | 1377 | 2407 [ 2647 | 232" | 438" 1

Ag Al As Ba Be Ca Cd Ce Co Cr Cs Cu Fe Ga Ge Hf K La Li Mg Mn u
el Hl5 gmao 0 c\a..:): ;;mu R
P e ) R C

Mo 1

Na -.056 1 Corrilation

Nb [ 087" | -3507 | 1 i |20

Ni | 108" | 408" | -400™ [ 1 Ll sl | 0002

P 010 | 4657 | -521" | 648 1 ol | 0204

Pb 399" | -049 | 236 | -045 | -031 1 L | 0406

Rb 054 | 171" | 103" | 102" | 4757 | 458" 1 YL | 06-08

S 2107 | 2997 | -092" | 1517 | 143" | 228" | 137" i) YU k| 081

Sb | 546 | -184"" | 248" | -055 | -163" | 582" | 299" | 238" 1

Sc 037 | 5257 | -468™ | 6177 | 736 004 | 1857 | 2327 [ -184"" | 1

Se 2417 | 4547 | -262" | 346" | 412" | 098" | .114™ [ 3777 | 089" | 3277 1

sn -030 | 181" | 128 109 204 187 401 .108 047 | 338 087" al

Sr | 2407 | 136" | -1857 | 492" | 468" | .183 038 | 3777 | 1217 | 3977 | 285 -051 1

Th 062 | -204" | 489" | -317"" | -372"" | 5257 | 3697 | 163" | 3517 | -242"" | -110"" | 334" | -166" 1

Ti | -1497" | 4857 | -2337 [ 5277 | 7587 | -158™" | 17477 | 050 | -3647" | 7647 | 2637 | 43177 | 3597 | -266" [ 1

il 548" | -067 | .138™ | 1577 | 007 | 547" | 412" | 146" | 5817 | 048 | 1357 [ 044 | 202" | 166" | -161" 1

u 4177 | 4307 | 138" | 444 | 3037 | 2067 | 1577 | 376" | 2747 | 4047 | 444" | 1157 | 304" [ 007 | 1017 | 4107 1

v 204" | 531 | -458™ | 726" | 806" | 129" | 471" [ 2357 | 034 [ 710" | 506™° | 1497 | 563" | -3147 | 622" | 1737 | 5297 1

w 4077 | -275" | 560" | -171"" | 325" [ 508" | 078 | 093" | 578" | -229" | -045 [ .017 045 | 347" | -253"" | 433" | 228" | -083" 1

Y 3637 | 276™ | 087" | 3367 | 399" | 4797 | 402" | 26777 | 343" | 4747 | 388" | 3837 | 369" [ 2877 | 403 | 38077 | 5627 | 5407 | 328" 1

Zn | 268" | 426" | -088" | 501" | 5957 | 409" | 424 | 207" | 228" | 601" | 428" | 3407 | .444™ | 011 | 583" | 330" | 503" | 723" | 1617 | 734" 1

zr 019 | 3227 | 134" [ 2997 | 380" | 1247 | 2907 | 1427 | -008 | 4477 | 2207 | 4577 | 2177 | 179" | 603" | 010 | 406™ | 3607 | 1087 [ 6217 | 5417 1
Mo Na Nb Ni P Pb Rb s Sb Sc Se sn sr Th Ti T u \% w Y Zn zr
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Component H 10 llsc* x 3

1 2 8 4 5 6 7 8 i
Ag -25 a7 18 24 19 01 42 11 1] il
Al 79 ~04 26 29 15 116 ~.06 02 =1
As .03 .90 -.02 12 .01 —01 .02 116 =1 il
Ba .25 .18 .04 21 77 .05 .05 .10 sl
Be 42 56 17 35 21 25 .03 -.08 LY )
Ca 72 ~.09 —.04 S12 a1 ~16 .06 54 L s
cd .51 34 .06 -.04 .42 .18 13 -.02 Slm
Ce .26 .45 .59 .45 .01 -.18 -1 .07 *1 i
Co .92 .04 .06 .04 .16 11 .20 .03 il
Cr .35 16 .07 .06 .06 .00 79 .00 Nl
Cs .52 .03 .07 .60 .02 22 .03 -.08 Ll
Cu 82 .08 03 07 13 10 41 ~04 ™
Fe .90 .06 19 .08 10 .09 12 .05 el
Ga 74 24 .32 .33 .06 .19 -.04 .00 o
Ge .86 16 17 .07 .18 .10 .08 -.07 ™|
Hf 26 .06 .86 11 09 16 05 06 =
K .04 a7 22 .88 .10 .00 .09 .05 o
La .20 .45 .56 .47 .01 -21 -.16 .08 Lol
Li 74 ~10 22 09 09 ~02 ~19 14 B
Mg .87 ~19 05 .04 .01 .01 —14 22 Se —_-|_|
Mn .43 .20 .08 .05 75 .05 .03 .02 3
Mo .04 .73 .00 ~14 21 12 12 01 n ﬂ
Na 49 -16 12 18 .06 .66 ~.06 12 -
Nb .65 10 .44 .07 21 —14 15 -.06 =l
Ni 75 .03 .01 .01 .07 .09 .48 .09 o B
P .88 .08 .09 .05 .06 .02 .06 06 % B
Pb .05 62 22 40 33 ~.09 ~15 .08 5
Rb .10 15 23 .88 .03 .03 .06 .00 » I
s .08 .20 .10 .07 .01 .29 -.01 84 w B
Sb ~15 .85 04 17 03 ~02 07 04 |
Sc 77 -13 26 .07 12 18 .04 .07 % L
Se .44 27 .08 -.03 -.06 .44 -.06 29 |
Sn .13 .09 .64 .32 -.09 .04 .02 ~.04 -
Sr 53 18 01 ~04 36 -23 20 51 bl 11
Th 42 32 52 136 —14 -.20 -17 18 &
Ti .70 -39 .44 .04 14 .05 .10 -.02 o I8
TI —o2 59 T 38 .44 13 .19 .05
U 31 42 22 —02 19 _60 21 13 ®
V. .86 7 .09 .02 17 116 11 .08 bl 1171
W 37 51 27 .07 50 01 .03 .04 el
Y 38 44 61 14 26 10 04 .06 %
Zn 65 31 41 23 28 12 .00 ~.05 #
Zr 30 .05 80 00 12 17 13 03 *
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(ppm)wﬁ4.;7.2.'.&):QTa‘ﬁhéhﬂ;ﬁ}rﬂ)ﬂ@kﬁd)WU}debLAS:‘J)'»‘SL&)‘A.EAf ij\?

SRS u Th | Mo | W | Ni | Na|Mn| Pb | Be | Cd| Zn | Zr | Cu| V Y

e slaie <2.39 |<14.37| <0.87 | <0.19 | <2.67 | <1.14 | <7.39 | <2.72 | <0.48 | <-1.87 | <4.26 | <3.7 | <3.13 | <4.65 |<19.37

globuT oyl | 43 11928 | 164 | 125 | 3.71 | 11.14 [ 859 | 353 | 1.37 | 0.83 | 522 | 45 | 42 | 621 | 27.27

->5.67 >24.19| >2.41 | >2.23 | >4.75 |>12.74] >9.79 | 4.34 | >2.26 | >0.19 | >6.18 | >5.3 | >5.27 | >7.77 | >35.1
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