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-Higher oxides and hydroxides

Birnesite (Ca, Na)(Mn*?Mn*%;0" 3H,0 fiw, n, w, Sedex
Chalcophanite (Zn, Mn, Fe )Mn307.3H,0 d,w
Coronadite Pbi.2(Mn*?,Mn**)5016.XH,0 dw
Cryptomelane (Ba,K)12(Mn*2, Mn**)g016.XH-0 d, s, his, w, sp
Groutite a-MnO(OH) sp, d
Hollandite (Ba, K)1.2(Mn*"2 Mn™)50,6.XH,0 fiw, w, d, m, s
Lithophorite (Al, Li)(Mn*? Mn*)0,(OH), d, w, fiw
Manganite y-MnO(OH) m, w, Sedex
Romanechite (Ba,K,Mn*?,C0),Mn50;0-XH,0 d, w, fiw, his, s
Pyrolusite S-MnO,= Polianite  d, w, f/w, h/s, Sedex
Ramsdelite MnQO2 W, sp
Todorkite (Na, Ca, K) (Mn*? Mg)Mn**01,.XH,0  d, w, f/w, Sedex, n
-Lower Oxides and hydroxides
Bixbite a-(Mn*® Fe*),0, hiv, m
Braunite * Mn*2, Mng*"?04(Si0y) Sedex, hiv, m, s,sh/Ssd,
Franklinite (Zn,Fe* Mn*?)(Fe**Mn*%),0, M
Galaxite MnAl,O4 M
Hausmannite Mn30,4 M, sp, hiv
Jacobsite MnFe;04 m, hiv
Manganosite Mny.xO M, sp, hiv
Pyrochroite Mn(OH), M, hiv
Vredenburgite 3Mn;04. 2Fe30, M
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Kutnahorite

Manganosiderite

Rhodochrosite

Bementite”

Neotocite”

Rhodonite
Spessartite

Alabandite
Hauerite

Jimboite
Roeddingite
Wiserite

-Manganese Carbonates

(Ca,Mn)(CO3), S
(Mn,Fe )CO; S
MnCO; s, m, hiv

-Manganese Silicates
Mn88i6015(OH)10 S

Hydrous silicate of Mn and Fe of

uncertain formula S
MnSi03 M
Mn3A|2(SiO4)3 M

-Manganese Sulphides

MnS hiv

MnS; hiv

-Manganese Borates, Arsenates and Phosphates
Mns(Bo3), p, hiv

(Mn, Fe) 3(POy).3H,0 p, hiv
Mn4B,07.H,0 p, hiv
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Diagenesis _
Minerals Strnger | Stratiform and uplift
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| Sandy limestone

| Tuffaceous sandstone with sandy tuff
Thin bedded green tuf!

Shaly Tuff, red tuff, wffaceous sandstone

Alkali olivine basalt flow and sandy tuff (Cu-bearing)
\A .

‘5}:’:5" Crystal lithic tuff with intercalations of rhyolitic tuff
3a‘-"3{;<'

WYL YL Y Tuftaceous silty sandstone

¥ vy v andpyntic thin bedded green tuff (Cu-bearing)

Gabbro sill - T
Agglomerate and lapilli tuff with /- Dip(30-59)
[I)r;l;:alabons of thin bedded tff - GiicH akls
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. Trachyandesite 2% Nudeh Cu deposit
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Mi43
Mias
M145
M146
M147
M148
M149
MI150
Mis1
Mi52
mis3
M154
M156
MIS5
Mi158
M158
M157

2
06
17
05
16
¢a
u
03
8
02
7
¢1
2
o7
08
09
G10

(adake) Jdtsi
(A) =x
(A) sp
(A) sist
(A) sy
(A) s
(A) wp
(A) s
(A) wr
(A) wp
(A) <y
(A) =y
(A) sx
(A) >
(B) s
C) =»

<
SN

1 S
Trachyte
Ore horizon
twff
Ore horizon
wff
Ore horizon
wif
Ore horizon
wff
Ore horizon
tuff
Ore horizon
tuff
Ore horizon
Ore horizon
Ore horizon
Ore horizon

ppm
005
139
192
9.63
47.37
014
9385
0.18
39.06
257
175.7
041
ERR-
021
7.52
6472
4347
.97

Cu
ppm
o
868
§97.31
75.78
17.03
2208
53.7
1995

9.3
62.29
4751
2372
1051
11.82
1943
29.05
25.89
411

Pb
ppm
002

21
37.96
451
243
275
17.2
5.68
238
238
1252
392
467
195
8479
517
5.05
1385

n

178

757
544
719
516
488
133
23
387
11
33
257
13
568
378
411

Ag
ppb
20
6
28
<20
<20
32
60
E )
32
<20
260
43
2
33
3
65
70
61

Ni
ppm
01
86
205
77.7
3Ry
207
347
1
214
218
24.2
s

12
1105

354
B4

Co
ppm
02
ER
5.6
116
28
103
9.6
6.4
28
5.2
134
119

74
209
353
845
435

Mn
ppm

831
>10000
>10000
>10000
>10000
>10000
>10000
>10000
>10000
>10000

>10000
>10000

Fe
%
002
18

265

339
117
204
021
124
113
536
029
185
564
0n

098
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M143
M144
M145
M146
M147
M148
M149
M150
M151
M152
M153
M154
M156
M155
M158
M159
M157

U
ppm
0.1
0.3
0.4
0.3
13
0.3
1.5
0.3
3
0.2
2.7
0.2
16
0.2
1.1
1.9
1.7
16

Au
ppm
0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

Th
ppm
0.1
0.8
1.8
1.9
<0.1
0.2
1.3

0.2

0.8
0.4
0.2
0.6
7.4
0.6
0.9
11

Sr
ppm

23
183

58

79
445
1444
809
160
244
2221
397
328

101
830
1121
1163

cd
ppm
0.02
0.04
0.11
0.09
0.02
0.1
<0.02
0.03
0.04
0.1
0.13
0.12
0.04
0.05
0.06
0.07
0.1
<0.02

Sh
ppm
0.02
0.37

0.5
0.43
0.58
0.11
0.57
0.41

0.3
0.56
1.38
0.06
2.59
0.05
0.73
1.26
1.96
1.46

\ -2 Jgas dlo

Bi
ppm
0.04
<0.04
0.2
0.19
<0.04
<0.04
0.09
<0.04
<0.04
0.07
<0.04
<0.04
<0.04
<0.04
0.52
<0.04
<0.04
0.08

ppm

14
31
26
<1
109
<1
36
<1

<1
101
137

126
11

197
33

Ca
%
0.02
0.84
28.43
23.56
2.65
2.87
5.35
5.15
2.09
23.91
5.95
2.92
3.07
16.67
3.5
3.27
2.93
4.72

%
0.001
0.026
0.043
0.04
0.014
0.035
0.017
0.028
0.016
0.025
0.014
0.077
0.013
0.05
0.072
0.018
0.017
0.018

La
ppm
0.1
3.9
16.5
18.3
2.3
1.6
11.4
4.3
1.8
15.1
9.7
3.6
3.7
3.6
57.3
7.6
11.1
9.5

Cr
ppm

225
14
18
85
65
24
23
93
99
23
55
75
19
36
75
60
40

Mg
%
0.02
0.33
0.36
0.18
0.06
0.95
0.27
0.78
0.03
0.2
0.26
1.05
0.07
0.4
1.01
0.18
0.24
0.22

Ba
ppm

21
149
32
380
224
>10000
492
413
35
4461
104
3251
41
144
5339
9907
9213

Ti
%
0.001
0.185
0.062
0.07
0.008
0.293
0.102
0.21
0.009
0.045
0.062
0.55
0.01
0.179
0.264
0.045
0.074
0.079

Al
%
0.02
3.91
1.24
1.34
0.33
6.82
3.56
5.76
0.22

1.98
7.26
0.38
5.21
5.11
151
2.57
2.69
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M143
M144
M145
M146
M147
M148
M149
M150
M151
M152
M153
M154
M156
M155
M158
M159
M157

%
0.02
0.23
0.55
0.24

<0.02
0.2
0.25
0.2
0.02
0.36
0.39
0.43
<0.02
0.27
1.87
0.11
0.1
0.18

ppm
0.1
0.3
0.3
0.5
0.8

<0.1

<0.1
0.3
0.5
6.4
0.1

<0.1
2.2
4.3
7.8
4.9

Zr
ppm
0.2
48.8
18.5
18.7
2.3
41.1
49
56.6
2.8
11.5
10
443
3.5
19.7
72.7
16.3
32.6
36.5

Sn

ppm
0.1

0.6
0.5
0.1
0.5
0.5
0.5
0.2
0.4
0.3
0.6
0.2
0.2
1.5
0.3
0.4
0.3

Be
ppm

<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1

<1
<1
<1

\ -7 Jgas aolol

Sc
ppm
0.1
9.6
2.6
2.8
0.8
16.3
6.9
12.2
0.9
2
3.1
25.1
0.7
7
12.1
3.1
4.4
5.2

%
0.04
<0.04
0.05
0.06
0.08
<0.04
0.07
<0.04
0.06
0.04
0.07
<0.04
0.07
<0.04
0.07
0.09
0.07
0.07

ppm
0.1
19.2
20.2
18.5
3.7
15.5
18.6
20.8
33
18.3
113
22.1
16.5
7.3
47.7
13
25.2
18.8

Ce
ppm
0.02
9.02
12.66
13.73
1.44
4.25
12.18
10.19
1.84
12.76
7.84
8.76
2.26
6.77
56.17
7.1
11.92
9.63

Pr
ppm
0.1
1.5

3.6
0.4
0.8
23
15
0.4
2.6
1.9
1.4
0.6

13.8
1.3
2.1
1.8

Nd
ppm
0.1
6.9
13.2
15.5
1.7

8.7
8.1
1.2
10.6
8.8
7.4
2.4
4.2
53.4
5.9
8.1
7.9

Sm
ppm
0.1
2.1
2.7
3.1
0.3
1.8
2.2
2.5
0.3
2.2
1.8
2.3
0.5

10.8
1.2
2.1
1.5

Eu
ppm
0.1
0.6
0.6
0.8
<0.1
0.6
<0.1
0.6
<0.1
0.5
0.1

<0.1
0.4
2.7
<0.1
<0.1
<0.1

Gd
ppm
0.1
2.6
2.9
3.3
0.3
2.4

2.9
0.3
2.7

3.4

1.2

1.1
10.6

4.8
2.6

Tb
ppm
0.1
0.5
0.5
0.5
<0.1
0.5
0.4
0.5
<0.1
0.4
0.3
0.6
0.2
0.2
1.7
0.2
0.5
0.4
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M143
M144
M145
M146
M147
M148
M149
M150
M151
M152
M153
M154
M156
M155
M158
M159
M157

Dy
ppm
0.1
3.6
2.8
2.9
0.4
2.7
3
3.6
0.3
2.6
1.8
3.8
1.4
1.3
9.6
2.1
3.2
2.8

Ho
ppm
0.1
0.8
0.6
0.7
<0.1
0.6
0.7
0.8
<0.1
0.6
0.4
0.9
0.4
0.3
1.9
0.5
0.7
0.6

Er
ppm
0.1
2.3
1.9
2.1
0.3

2.2
2.5
0.2
1.6
1.2
2.7
1.6
0.7
4.8
13
2.6

Tm
ppm
0.1
0.3
0.2
0.3
<0.1
0.3
0.3
0.4
<0.1
0.2
0.2
0.4
0.2
0.1
0.7
0.2
0.4
0.3
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Yb
ppm
0.1
2.2
1.4
1.7
0.3
2.1
2.6
2.5
0.2
13
13
2.3
1.6
0.7
4.4
1.4
2.7
2.2

Lu
ppm
0.1
0.3
0.2
0.2
<0.1
0.3
0.4
0.4
<0.1
0.2
0.2
0.4
0.2
0.1
0.6
0.2
0.4
0.3

Hf
ppm
0.02
1.63
0.42

0.5
0.07
137
1.64
1.87
0.06
0.29

0.3
1.32
0.06
0.57
1.95

0.5
1.01
114

Li
ppm
0.1
22.3
6.3

6.4
5.4
22.7
10.3
9.8
10.1
10.4
10

19.8
8.2
8.7
8.5

Rb
ppm
0.1
2.4
20.1
9.4
0.2
13
2.1

0.6
12.4
11
8.2
0.2
6.4
75.8
1.1
1.9
1.7

Ta
ppm
0.1
<0.1
<0.1
0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.4
<0.1
<0.1
<0.1

Nb
ppm
0.04

0.7
1.56
1.78
0.18
0.61
1.37

11
0.19
0.98
0.76

0.22
0.87
6.29
0.64
0.96

11

Cs
ppm
0.1
<0.1
1.4
0.6
<0.1
0.3
<0.1
0.1
<0.1
0.8
<0.1
0.2
<0.1
0.1
4.8
<0.1
0.1
<0.1

Ga
ppm
0.02
5.45
3.16
7.43
7.64
12.3
10.75
8.27

8.8
3.04
15.26
15.64
10.16
5.36
14.52
11.11
9.98
10.49

In
ppm
0.01
0.03
0.08
0.07
<0.01
0.04
0.03
0.04
<0.01
0.02
<0.01
0.07
<0.01
0.02
0.11
<0.01
0.02
<0.01

Re
ppm
0.002
0.004
0.002
0.004
0.002
0.002
0.005
<0.002
0.005
<0.002
0.003
<0.002
0.003
<0.002
<0.002
<0.002
<0.002
<0.002
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0-10
0-8
0-9
0-1
0-7
0-2
0-3
0-4
0-5
0-6

9.5
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111
3.7
57.3
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1.8
11.4
2.3
16.5

Ce
9.63
7.1
11.92
2.26
56.17
7.84
1.84
12.18
1.44
12.66

Pr
1.8
1.3
21
0.6
13.8
1.9
0.4
2.3
0.4

Nd
7.9
5.9
8.1
2.4
53.4
8.8
1.2
8.7
1.7
13.2

Sm
1.5
1.2
2.1
0.5
10.8
1.8
0.3
2.2
0.3
2.7
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Eu
<0.1
<0.1
<0.1
<0.1
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0.1
<0.1
<0.1
<0.1

0.6

Gd
2.6
2
4.8
1.2
10.6

0.3

0.3
2.9

Tb
0.4
0.2
0.5
0.2
1.7
0.3
<0.1
0.4
<0.1
0.5

Dy
2.8
2.1
3.2
1.4
9.6
1.8
0.3

0.4
2.8

Ho
0.6
0.5
0.7
0.4
1.9
0.4
<0.1
0.7
<0.1
0.6

Er
2
1.3
2.6
1.6
4.8
1.2
0.2
2.2
0.3
1.9

Tm

0.3
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0.7
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2.7
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0.2
2.6
0.3
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Lu
0.3
0.2
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0.2
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0.2

<0.1
0.4
<0.1
0.2

Y
18.8
13
25.2
16.5
47.7
11.3
33
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3.7
20.2

Sum
60.33
44
75.82
32.76
276.17
48.84
9.84
67.98
11.14
79.36

LREE/HREE
1.011
1.105263158
0.872098765
0.406008584
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1.288372093
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1.228
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N| K20| MgO| CaO| MnO FeO| ZnO| PbO| SiO2| Total
1| 000| 053| 5786| 0.14| 000| 0.00| 0.00] 0.07| 58.60| cous
2| 0.00] 000| 5885| 0.16| 0.00| 0.04| 0.00] 0.04] 59.09
3| 000| 013| 19.63| 32.77| 0.00| 0.29| 0.00| 3423 | 87.05| sl
4| 000 1.10| 20.59| 31.79| 0.00| 0.15| 0.07| 35.08| 88.77
5| 0.00| 045| 20.73| 30.26| 0.00| 0.21| 0.00| 34.69| 86.33
6| 000| 0.00| 079] 73.71| 0.00| 0.00] 0.00| 1.69| 76.20 | sy
7/ 0.00| 001| 047| 704| 000| 0.00| 0.03| 1.89]| 72.80
8| 0.00] 000| 0.23| 7417| 0.00| 0.00| 0.19| 0.88]| 75.47
9| 000] 1.11| 20.64| 29.61| 0.00| 0.01| 0.00]| 3496 | 86.33 | cussly
10| 0.00| 154| 20.79| 30.53| 0.00| 0.25| 0.00| 35.22| 88.33
11| 001| 0.27| 31.43| 2360| 0.00| 0.00| 0.03| 15.10| 70.42
12| 0.01| 0.26| 59.75| 1.13| 000| 0.09| 0.02| 087]| 6212| s
13| 0.00| 0.77| 57.82| 0.82| 000| 0.00| 0.00] 0.43]| 59.84
14| 0.00| 0.08| 436| 7329| 000| 0.00| 0.00| 13.54| 91.27 | <o,
15| 0.00| 0.72| 20.36| 33.60| 0.00| 0.05| 0.00| 34.86| 89.59
16| 0.00| 0.00| 20.28 | 30.29| 0.00| 0.43| 0.00| 34.84| 85.84
17| 0.00| 103| 0.10| 25.68| 249| 0.09| 0.05| 37.17| 66.62
18| 0.00| 0.00| 0.00| 27.09| 0.00| 0.00| 0.00| 359]| 63.00
19| 000| 000| 0.00| 77.88| 0.00| 0.00| 0.00| 1.16| 79.04 | =y;sls,
20 0.00| 0.15| 0.00| 7525| 0.00]{ 0.09| 0.00| 1.48]| 76.98
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N K20 | MgO CaoO MnO | FeO| NiO| ZnO | PbO | AI203 Sio2 Total
1| 0.00| 0.09 0.53 | 76.00 | 0.00 | 0.00 | 0.06 | 0.00 0.37 1.47 | 78.51
2| 0.00| 0.00 0.57 | 75.48 | 0.00 | 0.01 | 0.05]| 0.01 0.00 1.75 | 77.86
3| 0.00| 0.00 2.09| 78.36 | 0.00 | 0.01 | 0.00| 0.05 0.00 9.78 | 90.28 |
4| 0.00| 0.02 3.49 | 75.16 | 0.00 | 0.03 | 0.04 | 0.02 0.00 | 12.06 | 90.82 ?
51 000 094 | 21.14| 3459 | 0.00 | 0.01| 0.00 | 0.05 0.00 | 29.95| Total :
6| 000 052| 20.90| 34.66 | 0.00 | 0.01| 0.05| 0.00 0.00 | 32.28 | 88.43
71 0.00| 0.00 0.73| 76,98 | 0.00 | 0.00 | 0.05| 0.04 0.00 1.73 | 79.54
8| 000 0.89| 22.89| 2851 | 0.00 | 0.02| 0.00 | 0.00 6.36 | 33.00 | 91.68 )
9| 0.00| 0.83| 22.95 27.2 1 0.00 | 0.00| 0.00| 0.08 6.65 | 32.85 | 90.56 —;‘}:
10| 0.00| 0.26| 21.72 | 35.30 | 0.00 | 0.00 | 0.00 | 0.05 0.00 | 32.81 | 90.13 ,%’
11| 0.00| 0.21 | 58.63 2741 0.00 | 0.00| 0.09 | 0.00 0.00 2.12 | 63.79
(S92 > p a0 Sl gy 4 B ki LS slewd oS 5 A -F g
B| K20 MgO| CaO| MnO| FeO| ZnO | PbO | SiO2 | Total
21| 0.00| 0.00| 0.00|75.77| 0.00| 0.15]| 0.00 | 1.86| 77.78 | .cu;olgpm
22| 0.00| 0.13| 0.00| 77.08| 0.00| 0.00| 0.00| 2.06| 79.26
23| 0.00| 0.36| 0.34(81.14| 0.00| 0.09| 0.05| 1.49| 83.47
24| 0.00| 0.00| 0.46|78.96| 0.00| 0.03| 0.00| 1.69| 81.14
25| 0.00| 0.00|21.13|21.20| 2.35| 0.11| 0.00| 33.51| 78.30 Cadgly
26| 0.09| 0.11| 1.38|74.37| 0.00| 0.63| 0.00| 1.72| 78.32 Caes

27| 022| 010] 141|77.13| 0.00| 0.22| 0.00| 1.46| 80.55

28| 0.70| 0.08] 157|73.78| 0.00| 0.27] 0.00| 1.45| 77.8

29| 0.73| 0.00| 157 |73.60| 0.00| 0.18| 0.04| 0.00| 76.12

30| 047| 0.08] 1.70|75.98| 0.00| 0.09| 0.00| 1.31]| 79.62

31| 0.62| 0.16] 194|68.42| 0.00| 0.00] 0.01| 116| 723

32| 0.87| 0.00] 3.68|69.32| 0.00| 0.27| 0.01| 1.11]| 75.26

33| 0.36| 0.00] 118 71.75]| 0.00| 0.00] 0.03| 1.93]| 75.25
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Abstract

Manganese mineralizations at southwest of Sabzevar occurred in the Sabzevar
structural subzone, within the Late Cretaceous volcano-sedimentary sequence .

These mineralizations based on stratigraphic position, relative age and type of country
rocks lie within two main horizons:

a) Horizons I: This horizon which hosts the Nodeh, Ferizi and Goft manganese deposits,
occurs in the lower part of the Late Cretaceous sequence. The host rock of these
deposits is red tuff.

b) Horizons 1I: This horizon involving the Zakeri and Cheshmeh Sefid deposits,
occurred in the upper part of the Late Cretaceouse sequence. The host rocks are marly
tuff and carbonatic tuff.

Manganese oxide mineralization occurs as sheet-like and tabular ore bodies within six
subhorizons in the Nudeh deposit and within two subhorizons in the Ferizi and Goft
deposits.

Based on mineralogical, textural, structural and relationships between the ores and the
host rocks, three ore facies can be distinguished:

1) massive ore facies, 2) bedded ore facies, and 3) disseminated- brecciated (stringer)
ore facies. Mineralogicaly, these facieses contain pyrolusite, psilomelane, Braunite and
Mnganite.

Wall rock alterations in the Nudeh deposit are dominated by chloritization and
argillitization. Argillic alteration is observed immediately bellow the massive ore facies,
surrounded by chloritic alteration.In the Goft and Ferizi deposit, only chloritization is
observed. Chloritization in the deposits is more intense in the footwall than the
hangingwall.

Based on geochemical studies, high amount of Mn/Fe, La/Ce, U/Th and Si/Al ratio, low
amount of Co/Zn ratio, trace metals and especialy Co, Cu and Ni, low amounts of rare
earth elements (REE), specially Sm, Ce and Eu and high amounts of Fe, Mn, and SiO,
are of precipitation of Mn from evidences of hydrothermal- exhalative fluids within a
marine environment. And, role of hydrogenous processes involved in the genesis of this
deposit is minimal. Also, REE patterns indicate hydrothermal-exhalative origin and

oxidation conditions for the Marine environment for the deposit.

VAY



Electron probe micro analysis (EPMA) study on the manganese minerals of the massive
and bedded ore facieses show a lateral zoning for Fe and Mn from massive to bedded
facies.

The most important characteristics of mineralization at the Nudeh deposit

and its comparision with different types of volcano-sedimentary Mn deposits show the
most similarities with the Cuban-type deposits.

Keywords: Manganese, volcano- sedimentary, Cuban-type, Late Cretaceous, Nudeh,

southwest Sabzevar basin.
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