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Minerals initial Main Late Altration
Pyﬁte s
) r—
Marcasite
Bravoite ——
Calcopyrite - —
Magnesite - —
Dolomite 8 ———
Quartz 24—
Muscovite R
Hematite
Geothite
Azorite
Chilorite
O e st 53 5 g go Slackdd g (1o 43 o 5 —Y 5o
Sample Fe Co Ni Cu As S TOTAL
HLC-10CA (Pyrite) 46.63 0 0 0 0 53.76 | 100.39
HLC-10CA (Pyrite) 46.70 0 0.02 0 0 54.23 100.95
HLC-10CA (Pyrite) 46.97 0 0 0 0.01 | 53.72 100.70
HLC-10CA (Pyrite) 46.51 0 0.01 0 0 53.67 | 100.19
HLC-10CA (Pyrite) 45.46 0 0.13 | 0.01 | 0.30 | 54.05 99.95
HLC-10CA (Pyrite) 45.57 0 0.13 0 0.16 | 53.50 99.36
HLC-10CA (Pyrite) 46.54 0 0.03 0 0 54.32 100.89
HLC-10CA (Marcasite) | 46.81 0 0 0 0 53.93 | 100.74
HLC-10CA (Marcasite) | 46.16 0 0 0 0.02 | 54.02 | 100.20
HLC-10CA (Marcasite) | 46.48 0 0.48 0 0.24 | 54.69 101.18

HLC-4-1 (Bravoite) 16.93 | 1.37 | 29.57 | 0.07 | 0.04 | 52.32 | 100.30
HLC-4-2 (Bravoite) 4546 | 0.03 | 1.10 | 0.03 | 0.63 | 53.01 | 100.26
HLC-4-3 (Bravoite) 41.78 | 0.11 | 456 | 0.05 | 0.58 | 53.02 | 100.10
HLC-4-4 (Bravoite) 9.44 | 1.18 | 36.58 | 1.12 0 51.75 | 100.07
HLC-4-5 (Bravoite) 446 | 0.03 | 0.67 | 0.09 | 0.69 | 52.89 98.97
HLC-4-6 (Bravoite) 7.48 | 3.13 | 36.49 | 1.24 | 0.18 | 51.92 | 100.44
HLC-4-7 (Bravoite) 433 | 0.07 | 041 | 0.09 | 0.47 | 50.93 95.27

S (Sl g Gl S (Glabal 4 325 gl Y Ul
Sample Cao Mgo | Feo | Mno | TOTAL Ca Mg Fe Mn

THLC-3-1 (Magnesite) | 0.32 | 44.78 | 531 | 0.1 50.51 0.01 | 1.864 | 0.124 | 0.002
7HLC-3-2 (Dolomite) | 29.86 | 19.39 | 3.68 | 0.08 53.01 0.999 | 0.903 | 0.096 | 0.002
7HLC-3-3 (Magnesite) | 0.18 | 4313 | 7.1 | 0.15 50.56 0.005 | 1.822 | 0.168 | 0.004
THLC-3-4 (Dolomite) | 30.22 | 22.14 | 0.87 0 53.23 0.98 | 0.998 | 0.022 0
7HLC-3-5 (Dolomite) | 30.05 | 20.15 | 2.79 | 0.07 53.06 0.996 | 0.93 | 0.072 | 0.002
THLC-3-6 (Magnesite) | 0.22 | 44.28 | 6.11 | 0.11 50.72 0.007 | 1.848 | 0.143 | 0.003
HLC-10A1 (Dolomite) | 33.02 | 21.42 | 0.05 | 0.12 54.61 1.049 | 0.947 | 0.001 | 0.003
HLC-10A2 (Dolomite) | 32.01 | 20.95 | 0.09 | 0.15 53.2 1.044 | 0.95 | 0.002 | 0.004

' F)
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Abstract

Listvenites or ophiocarbonates are considered important for exploration of precious and base metlas particularly Au, Ag, Cu, As and Hg. These rocks,
which crop-out dominantly in ophiolite-mélange zones and in the vicinity of main faults and shear zones, have formed as the result of hydrous and
carbonic alteration of ultramafic rocks. Listvenites occur extensively in eastern Iran. Based on petrography, Hangaran listvenites are grouped into three
major types: 1. Carbonatic listvenite (type I), 2. Silicic listvenite (type II), and 3. Sulfie-bearing silicic listvenite with brecciated texture (type I1I). Gold
contents of listvenites is generally low and the highest concentration (290 ppb) has been found in type III. Studies of mineral concentrates from stream
sediments reveal the presence of gold, pyrite, chalcopyrite, cinnabar and native copper. Gold grains reach to a maximum sizes of 80 microns, and they
are often associated with pyrite. Electron microprobe analyses on several sulfides and carbonates in Hangaran listvenites show that sulfide minerals
are mainly pyrite, marcasite, bravoite and to a lesser amount chalcopyrite, and that many pyrite grains have been altered to marcasite. Important
carbonated minerals are magnesite and dolomite. The presence of obiquitous bravoite zonation that results from alternations in Ni content indicates
periodic changes in the physicochemical conditions of the hyrdorthemal solution. Petrographic studies and paragenetic sequence of minerals show that
magnesite and dolomite formed prior to the mineralization stage, which was then followed by the formation of sulfides (mainly pyrite). Studies on the
svow = 2-353-9.982 %o, 6°C,, . =1.57- 1.67 %o ) show that oxygen and carbone can originate
from oceanic waters, and that dolomite has formed due to the circulation of this water in ultramafic rocks and their subsequent alteration. Considering

oxygen and carbone isotopes in 3 dolomite samples (3'*O

the variation in marcasite-pyrite paris from Hangaran silicic listvenite (D*S . value 5.7-7.9 %o ), it seems that sulfur has originated from granitic rocks

CDT
in south of the study area. Taking into accout the extentive outcrops of serpentinized ultramafic rocks and granite in the region can considered the source
of Au, Ag and base elements such as Cu, Pb, Zn, Hg, As, Sb in related to granite masses, and Cr, Ni, Ti and Fe in related to serpentinized ultramafic
rocks. Fluid inclusion studies on mineralized quartz in Hangaran listvenites show that the hydrothermal fluid affecting the host rocks was low salinity

and had a maximum temperature of 280°.

Keywords: Listvenite, Gold, Stable isotope, Ophiolite-melange, Hangaran, Birjand.
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