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Trench (T) . . . mineralization | Width | Cuwm | Host
& Vein(V) X Y Height | Azimoth | Dip Z0ne (m) (%) rock
T2(S) 319319.529 | 3910002.709 | 738.866 15 90 shale
V2(A)S 319336.905 | 3910054.480 | 738.816 15 90 Oxidation 0.2 0.03 shale
T4(S) 319380.002 | 3910027.657 | 738.252 335 90 shale
V4(A)S 319375.627 | 3910032.716 | 738.685 335 90 Oxidation 7 0.2331 | gshale
T5(S) 319417.787 | 3910014.761 | 739.725 320 90 shale
T5(N) 319400.361 | 3910044.703 | 737.949 320 90 shale
V5(A)S 319415.620 | 3910022.615 | 739.218 320 90 Oxidation 10.000 | 0299 | shale
V5(AN 319407.890 | 3910037.114 | 739.606 320 45N Oxidation 0.2139 | shale
T6(S) 319435.226 | 3910013.904 | 739.359 355 90 shale
T6(N) 319438.582 | 3910071.687 | 737.640 355 90 shale
V6(A)S 319434.396 | 3910022.665 | 738.608 355 90 Oxidation 10.000 | 1174 | shale
V6(AN 319425552 | 3910036.020 | 740.872 355 70S shale
T7(S) 319473.490 | 3909997.707 | 736.737 350 90 shale
T7(N) 319474.056 | 3910037.169 | 737.325 350 90 shale
V7(A)S 319476.561 | 3910018.691 | 736.950 350 90 Oxidation 7.000 | 92101 | shale
V7(AN 319476.492 | 3910026.147 | 737.063 350 80N shale
T8&I(W) | 319492.823 | 3910024.023 | 736.942 355 90 shale
T8&I(E) 319527.091 | 3910017.884 | 736.638 355 90 shale
V8&I(A)W | 319506.785 | 3910011.365 | 735.681 355 70S Oxidation 3.000 | 43045 | shale
V8&9(A)E | 319518.949 | 3910011.091 | 735.515 355 708 shale
T10(N) 319543.350 | 3910033.001 | 736.677 350 90 shale
T10(S) 319546.936 | 3909976.313 | 736.284 350 90 shale
V10(A) 319546.509 | 3910011.903 | 736.389 350 90 Oxidation 8.000 | 0.0578 | shale
T11(N) 319601.806 | 3910027.895 | 736.211 360 90 shale
T11(S) 319589.245 | 3909977.953 | 735.975 360 90 shale
V11(A)S 319597.599 | 3909999.586 | 736.078 360 90 Oxidation 14.000 | 499775 | shale
V11(A)N 319599.925 | 3910008.577 | 736.114 360 80N Oxidation 0.2066 | shale
T12(N) 319641.774 | 3910025.928 | 735.901 15 90 shale
T12(S) 319624.673 | 3909978.375 | 735.520 15 90 shale
V12(AN 319626.228 | 3909990.586 | 735.758 15 70N Oxidation 6.000 | 02887 | shale
V12(A)S 319624.986 | 3909987.232 | 735.833 15 90 shale
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'E%n;h X Y Height | Azimoth | Dip mine;ﬁlrization V\é:g)t h C(g/:;a Host rock
Vein(V)

T13(S) 319639.459 | 3909899.663 | 735.645 10 90 shale
TI13(N) | 319667.476 | 3909989.800 | 735.378 | 10 | 90 shale
VI3(A)N | 319659.809 | 3909976.156 | 735298 | 10 | 7ON | Oxidation | 9.000 | 9341 |  shale
VI13(A)S | 319655.763 | 3909965.381 | 735.562 | 10 | 90 chale
T14(N) 319682.368 | 3910020.712 | 735.360 355 90 shale
T14(S) | 319682.158 | 3909870.126 | 735.544 | 355 90 shale
V14(A)S | 319689.295 | 3909902.772 | 735556 | 355 | 90 | Oxidation | 4.000 | 03084 shale
V14(A)N | 319689.528 | 3909906.170 | 735.668 355 80N shale
V14(B)S | 319693.058 | 3909922.561 | 735.775 | 340 | 90 | Oxidation | 1.000 | 3508 |  shale
V14(B)N | 319694.197 | 3909929.154 | 735.917 340 80N shale
TI15(S) | 319722.717 | 3909897.878 | 735.347 | 340 | 90 shale
T15(N) 319725.062 | 3909946.949 | 735.255 355 90 shale
VI5(A)S | 319723.118 | 3909905273 | 735484 | 355 | 90 | Oxidation | 14.000 | 754 shale
V15(A)N | 319721.602 | 3909914.398 | 735.795 355 45N shale
VI5(B)S | 319722284 | 3909919.971 | 735683 | 355 | 90 | Oxidation | 1.000 | 0017 |  shale
V15(B)N | 319722.394 | 3909929.688 | 735.550 355 45N shale
T18(S) 319795.054 | 3909902.263 | 734.497 10 90 shale
TI8(N) | 319843.269 | 3910028764 | 734666 | 10 | 90 shale
VIS(AN | 319837.504 | 3909995.486 | 734348 | 10 | 8ON | Oxidation | 12000 | o103 |  shale
V18(A)S | 319825.808 | 3909967.528 | 734.267 10 90 shale
VI8(B)N | 319806.800 | 3909930.413 | 734191 | 10 | 70N | Oxidation | 34000 | oog4 shale
V18(B)S | 319805.249 | 3909926.067 | 734.501 10 90 shale
T19(S) 319854.657 | 3909906.109 | 733.829 355 90 shale
T19(N) 319902.946 | 3909981.524 | 734.239 355 90 shale
V19(A)S | 319855.734 | 3909911.398 | 733854 | 355 | 90 | Oxidation | 1000 | g1g01 |  shale
V19(A)N | 319859.436 | 3909919.997 | 734.054 355 70N shale
T20(N) 319930.263 | 3909933.783 | 734.885 20 90 shale
T20(S) 319875.058 | 3909876.991 | 734.210 20 90 0.200 Shale
V20(A)N | 319924.859 | 3909931.200 | 735449 | 20 | 8ON |  Oxidation shale
V20(A)S | 319921273 | 3009928146 | 735795 | 20 | 70N shale
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ID X Y z Azimuth Dip Depth-m W':fh'
BH-1 319650.76 3909973.15 735.61 180.00 90.00 20.00 9.00
Borehole Host rock Mineralization Ore From To Thickness CUotal Thickness
1D zone minerals (m) (m (m) (%) *Grade
Bhl Shale Oxidation | malachtite 0.0 40 40 0.2825 113
(A Vein)
Bhl Shale Oxidation | malachtite 40 7.0 3.0 0.2296 | 0.6888
(A Vein)
Bhl .
(A Vein) Shale Supergene chalcosite 7.0 10.0 3.0 1.4244 4.2732
Bhl .
(A Vein) Tuff Hypogene chalcosite 10.0 11.0 1.0 0.1702 0.1702
Bhl .
(A Vein) Shale Hypogene chalcosite 12.0 15.0 3.0 0.1196 0.3588
Bhl .
(A Vein) Shale Hypogene chalcosite 15.0 18.0 3.0 0.3314 0.9942
Bhl .
(A Vein) Shale Hypogene chalcosite 18.0 20.0 2.0 0.0233 0.0466
ID X Y z Azimuth Dip Depth-m W'r?]th'
BH.2 319397.68 3910031.71 738.11 180.00 90.00 36.00 10.00
Borehole Host rock Mineralization Ore From To Thickness ClUiotal Thickness
1D zone minerals (m) (m) (m) (%) *Grade
Bh2 -~ mostly
(A Vein) Shale Oxidation weathered 0.0 3.0 3.0 0.00 0.00
th. Shale Oxidation malachtite 3.0 6.0 3.0 0.429 1.2867
(A Vein)
Bh2 .
(A Vein) Shale Supergene chalcosite 6.0 8.0 2.0 0.575 1.1506
Bh2 .
(A Vein) Shale Supergene chalcosite 8.0 11.0 3.0 0.313 0.9387
Bh2 .
(A Vein) Shale Hypogene chalcosite 11.0 14.0 3.0 0.150 0.45
Bh2 .
(A Vein) Shale Hypogene chalcosite 14.0 17.0 3.0 0.024 0.0726
Bh2 .
(A Vein) Shale Hypogene chalcosite 17.0 20.0 3.0 0.083 0.2496
Bh2 .
(A Vein) Shale Hypogene chalcosite 20.0 25.0 5.0 0.056 0.2795
Bh2 .
(A Vein) Shale Hypogene chalcosite 25.0 30.0 5.0 0.028 0.1375
Bh2 .
(A Vein) Shale Hypogene chalcosite 30.0 36.0 6.0 0.000 0

Y
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1D X Y z Azimuth Dip Depth-m Width-m

BH.3 319470.49 3910029.07 737.06 180.00 90.00 48.00 10.00

Borehole Mineralization : From To | Thickness o Thickness

D Host rock Jone Ore minerals (m) (m) (m) ClUiotal (%0) *Grade

Bh3 -~ mostly

(A Vein) Shale Oxidation weathered 0.0 3.0 3.0 0.000 0
Bh3 Shale Oxidation malachtite 3.0 6.0 3.0 0.021 0.0633

(A Vein)
Bh3 Shale Oxidation malachtite- 6.0 9.0 30 0.014 0.0429

(A Vein) copper
Bh3 .

(A Vein) Shale Supergene chalcosite 9.0 11.0 2.0 0.019 0.0378
Bh3 .

(A Vein) Shale Supergene chalcosite 11.0 13.0 2.0 0.032 0.0636
Bh3 .

(A Vein) Shale Hypogene chalcosite 13.0 16.0 3.0 0.016 0.048
Bh3 .

(A Vein) Shale Hypogene chalcosite 16.0 19.0 3.0 0.031 0.0942
Bh3 .

(A Vein) Tuff Hypogene chalcosite 19.0 21.0 2.0 0.252 0.504
Bh3 .

(A Vein) Shale Hypogene chalcosite 21.0 26.0 5.0 0.162 0.8095
Bh3 .

(A Vein) Shale Hypogene chalcosite 26.0 28.0 2.0 0.053 0.1062
Bh3 .

(A Vein) Shale Hypogene chalcosite 28.0 31.0 3.0 0.140 0.4209
Bh3 .

(A Vein) Shale Hypogene chalcosite 31.0 34.0 3.0 0.085 0.2553
Bh3 .

(A Vein) Shale Hypogene chalcosite 34.0 36.0 2.0 0.152 0.3046
Bh3 .

(A Vein) Shale Hypogene chalcosite 36.0 38.0 2.0 0.251 0.5014
Bh3 .

(A Vein) Shale Hypogene chalcosite 38.0 41.0 3.0 0.054 0.1617
Bh3 .

(A Vein) Shale Hypogene chalcosite 41.0 43.0 2.0 0.027 0.0548
Bh3 .

(A Vein) Shale Hypogene chalcosite 43.0 45.0 2.0 0.011 0.0218
Bh3. Shale Hypogene chalcosite 45.0 48.0 3.0 0.011 0.0321

(A Vein) . . . . .

1y




addllas 3,40 03gamme 18 Ll 5l ot ds ! sladiges g ailed Slasine Y-F Joox aslol

1D X Y z Azimuth Dip Depth-m Width-m
BH.4 319571.44 3910014.13 736.32 180.00 90.00 33.00 14.00
Borlelz:r;ole Host rock Mine;g:]ization Ore minerals F(rrg;n (Tn?) Thi(cnli?ess Clir (%) Tl](i}ci(;dejs
( AB\’/‘:} n | Shale Oxidation Wg;‘t’ﬁte'é ' 0.0 3.0 3.0 0.000 0
( ABU;; n) Shale Oxidation Wg?ﬁtelé d 3.0 5.0 2.0 0.000 0
( AB\?; n) Shale Oxidation Wg;?ﬁtelé d 5.0 7.0 2.0 0.000 0
(AB\?:in) Shale Supergene chalcosite 7.0 9.0 2.0 0.143 0.2858
(Arj;r/‘:in) Shale Supergene chalcosite 9.0 12.0 3.0 0.156 0.4689
(AB\?‘; n) Tuff Hypogene chalcosite 12.0 15.0 3.0 0.074 0.2226
(AB;?; n) Shale Hypogene chalcosite 15.0 18.0 3.0 0.144 0.4311
( AB\?; n) Shale Hypogene chalcosite 18.0 21.0 3.0 0.055 0.1656
(AB\?;n) Shale Hypogene chalcosite 21.0 24.0 3.0 0.151 0.4533
(AB\?(:lin) Shale Hypogene chalcosite 24.0 27.0 3.0 0.180 0.5391
(AB;?; n) tuff Hypogene chalcosite 27.0 30.0 3.0 0.162 0.4851
( AB\?; n) tuff Hypogene chalcosite 30.0 33.0 3.0 0.043 0.1287
ID X Y Zz Azimuth Dip Depth-m Width-m
BH-5 319725.98 3909931.32 735.65 180.00 90.00 12.00 1.00
Borﬁ)hole Host rock Mine;g:.:éation Ore minerals F(rrT?IT (‘rn% Thi(clr;;\ess Cloat (%) Tb(ié::(an;:s
(BB\;‘; o | Shale Oxidation Chc'zg?fe'rte 0.0 20 20 0.150 0.3002
(BB\?eSin) Shale Oxidation Cz'gggzirt,e' 20 30 10 0.212 0.2116
(BB\?Sin) Shale Oxidation Chc'c";‘gS:'rte 3.0 40 1.0 0.127 01271
(BBJ';n) Shale Hypogene 4.0 12.0 8.0 0.125 1.0016
1D X Y z Azimuth Dip Dept-m Width-m
BH.6 319845.10 3909922.49 734.02 180.00 90.00 22.00 12.00
Borﬁgole Host rock Mine;a):]ization Ore minerals F(rmo;n (Tn? Thi(crﬁ?ess Clit (%) Tll(i;cf;;:s
( AB\?eGin) Shale Oxidation malachite 0.0 4.0 4.0 0.060 0.2396
(AB\?;n) Shale Oxidation malachite 4.0 55 15 0.024 0.03615
(AB\?eGin) Shale Supergene chalcocite 55 9.0 35 0.073 0.25375
(AB\;fin) Shale Supergene chalcocite 9.0 11.0 2.0 0.028 0.0568
(AB\?e6i n) Shale Hypogene chalcocite 11.0 15.0 4.0 0.017 0.0688
( AB\?; n) Shale Hypogene chalcocite 15.0 18.0 3.0 0.008 0.0237
( AB\?eGi n) Shale Hypogene chalcocite 18.0 20.0 2.0 0.018 0.0358
( AB\?fi n) Shale Hypogene chalcocite 20.0 22.0 2.0 0.007 0.0138

1y
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Profile 1
sl | x| v [ v [ e [ o | e [ W e T v
VAA)S | 319375627 | 3910032.716 | 738.685 | 335 90 Oxidation 7 | 0233 | 1632
V5(A)S | 319415620 | 3910022.615 | 739.218 | 320 90 Oxidation 10 | gogg | 2990
VB(A)S | 319434396 | 3910022.665 | 738.608 | 355 90 Oxidation 10 | o117 | 1174
VI(A)S | 319476561 | 3910018.691 | 736.950 | 350 90 Oxidation 7 | o210 | 1471
VBRI(AW | 319506.785 | 3910011.365 | 735681 | 355 | 70S |  Oxidation 3 | osss | 2655
VIO(A) | 319546509 | 3910011.903 | 736.389 | 350 90 Oxidation 8 | gosg | 0464
VIL(AN | 319599.925 | 3910008577 | 736.114 | 360 | 8ON |  Oxidation 14 | o006 | 2884
BH.2 319397.68 | 391003171 | 738.L | 18000 | 90.00 | Oxidation 6 | 0350 | 2103
BH.3 31047049 | 3910029.07 | 737.06 | 180.00 | 90.00 | Oxidation 6 | 0018 | 0106
n 15.479

Profile 2
oreholaer) | X Y| weisht | Azimotn | pip | ™ORN | YEOR | R | Srade
VI2(A)S | 319624.9855 | 3909987.232 | 735833 | 15 90 Oxidation 6 | 0165 | 099
VI3(AN | 319650.809 | 3909976.156 | 735.298 | 10 70N |  Oxidation 9 | 0234 | 2107
VI4(A)S | 319689.205 | 3909902.772 | 735556 | 355 90 Oxidation 4 | 0308 | 1232
VI4(B)S | 319693.058 | 3909922.561 | 735.775 | 340 90 Oxidation 1 | 3253 | 3253
BH-1 319650.76 | 390997315 | 73561 | 180.00 | 90.00 |  Oxidation 7 | 0256 | 1.792
27 9.374

Profile 3
soenoloer) | X Y| Hesh | agimarn | Dip | MR | YO | ok | wGrade
VI5(A)S | 319723.118 | 3909905.273 | 735484 | 355 | 90 | Oxidation 14 | 1.754 24,556
VI5(B)S | 319722.284 | 3909919971 | 735683 | 355 | 90 | Oxidation 1| 2002 2.002
BH-5 31972598 | 3909931.32 | 73565 | 180 | 90 |  Oxidation 4 | 0163 0.652
19 27.21

Profile 4
SIET x| v [ v [ | o | e | | e
VI8(A)N | 319837.504 | 3909995.486 | 734348 | 10 | 80N |  Oxidation 12 | 0119 1.428
VIBEB)N | 319806.8 | 3009930413 | 734191 | 10 | 70N |  Oxidation 34 | 0084 2.856
VI9(A)S | 319855734 | 3909911.398 | 733854 | 355 | 90 | Oxidation 1| 0169 0.169
V20(AN | 319924.859 | 3909931210 | 735.449 | 20 [ 80N |  oyidation 55 | om 0.605
BH.6 3198451 | 390992249 | 73402 | 180 | 90 | Oxidation 55 | 005 0.275
58 5.333

¢
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©% | Area | Width | Volume | SG | Tonage Grade- Tonage
s mea_ln— Grade-
il (m?) (m) (m3) (gr/cm®) | (ton) se((;‘;:);) | M «Grade
Profile 1
OS] 1705 8.43 14375 2.60 37375 0.218 31?:'8 8147.929
iR 1121 8.43 9457 2.60 24589 0.088 83%:)'25 2163.864
g 6058 8.43 51070 2.60 132782 0.075 38:8'2 995.893
Profile 2
Ol 761 55 4188 2.60 10890 0.347 14(?2'4 3778.857
Oing 634 55 3490 2.60 9075 1.424 4913?'3 129i2'89
Olsee 1142 55 6282 2.60 16335 0.174 1032'1 2842.310
Profile 3
Ol 667 15.50 10339 2.60 26881 1.432 14805. | 38494.84
708 2
iR 148 15.50 2297 2.60 5973 0.00 0.00 0.00
g2 1334 15.50 20678 2.60 53763 0.125 25354'7 6720.468
Profile 4
Ol 805 9.50 7653 2.60 19898 0.092 70:'08 1830.622
Oing 805 9.50 7653 2.60 19898 0.018 1375'75 358.165
g 1611 9.50 15311 2.60 39809 0.012 182'73 477.715
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Abstract

The namakzar area located in the south of toroud is a part of toroud-chah shirin and
sabzevar metallogenic zone which includes different mines and deposits such as copper,
lead — zinc, copper-gold, and chromite. Since the area is located in the alluvial and kavir
region, Remote Sensing method is not useful for this. On the basis of 1:5000 scale
geological map, the mineralization occurs in two mineralization zones in central (zone
A) and southeast (zone B) areas with shale and Eocene tufaceous sandstone as host
rocks suffering carbonate-zeolite alteration. According to the importance of
mineralization of the A zone, further supplementary study is a top priority and 24
trenches have been designed and excavated to determine the longitudinal and transverse
expansion of the mineralization zone. On the basis of the A zone studies copper oxide-
sulfide mineralization are the formed as vein, veinlets and filling space in the pore
minerals and rocks in the shale host rock. XRD and ICP - OES chemical analysis and
microscopic studies have been taken on thin and polished sections in order to determine
the grade and the type of ore mineralization. The results have shown that there is a
substantial grade of copper with silver in the region in the form of minerals such as
malachite, azorite and chalcocite and native copper formed of pore in the minerals and
rock. Because of the impossibility of geochemical and geophysical studies, geological
studies and desert observations were contributed to determine the drilling points.
According to the geological survey and excavated trenches and the length, thickness and
depth of them, the hypothetical 3D model of the mineral vein was constructed.
Although based on these studies 8 boreholes (90 degrees and 60 degree angles) were
designed in the area, 6 vertical boreholes have been drilled with respect to time
constraints. More than 170 meters of excavation took place in the core method in the
region, and the results have been investigated to estimate the reserve. The results
obtained from the topographic map and the core drilling in the reserve calculation were
used in the method of vertical sections, geometrical calculations, and polygone and etc.
According to these studies, the total reserve achieved is approximately 400 thousand
tons. Deterministic reserve of the area, according to current studies, is approximately
150 thousand tons of copper with average grade of 0.44% copper, and its possible
reserve is approximately 250 thousand tons.

Keywords: Copper, Manto type deposit, Toroud, DATAMINE
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