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1-Introduction

The study area is part of the Troud geological quadrilateral, located in the central Iran zone from the perspective of
the structural geology of Iran. The two main faults of Troud in the south and Anjilo in the north, with their vertical
movements and the extension of their left slip, play an important role in structural events and the movement of
mineral fluids and mineral deposits. The study area consists mainly of volcanic rocks and less volcanic-sedimentary
with a combination of intermediate to basic and upper to middle Eocene.

The study area is part of the orthogonal geographical area of Troud, located in the Central Iran zone from
the perspective of the structural geology of Iran.

The oldest deposits in this area are Paleozoic sediments that are more detrital and less carbonate. These
deposits, which belong to the Cambrian, Ordovician, Silurian, and Devonian times, are exposed in the north
and west. These rocks have undergone a metamorphic process in the region's western part.

Mesozoic deposits include a small outcrop of Middle-Late Jurassic limestones and relatively extensive
Cretaceous deposits. Cretaceous rocks that sit on older rocks with destructive bases have a row of limestone,
marl, and sandstone ranging from Lower Cretaceous to Late Cretaceous.

Tertiary deposits: An enormous volume of sediments and outcrops belongs to the rocks of this period,
especially the Eocene period. These rocks mainly include pyroclastic, lava, intrusive, and finally, fine-grained
destructions that have formed the central part of today's existing heights.

Quaternary sediments: A considerable part of the area is covered by alluvial sediments of this period. The
degree of hardness of these sediments is very low, and they wear quickly. These deposits include old and new
barracks in the shape of alluvial fans and plains, and finally, riverbeds and floodplains can be named. Due to
the applied pressures, the deposits are folded, and the area comes out of the water.

Folding, faulting, and deformation can be considered a consequence of Laramin orogenic activity. In times
of distress, the sea advances again, leaving conglomerate classes. Eocene-Oligocene deposits are primarily
composed of pyroclastic rocks and lava formed by volcanic activity in the sea. Then, a row of tuffite, sand tuff,
and shale sediments is placed on them, which indicates the establishment of a low sedimentary basin. It has
depth to the subcontinent in the region. The rapid change in thickness of Eocene pyroclastic deposits indicates
turbulence at the bottom of the basin. In the tectonic phase equivalent to the Pyrenees (late Eocene), these
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deposits are folded, and after enduring the younger alpine end phases, their final formation occurs (Alavi et al.
1976).

2- Material and methods

The work was done in several stages. These steps include gathering information, maps, area reports, field
operations, and consolidating knowledge. Before field operations, SPOT satellite images were examined for
high fracture resolution and a 1: 25000 map, and then field operations were performed in the area.

For field studies, the area was divided into 42 stations due to the rectangular nature of the area and the
dispersion of several prominent veins. All information related to field withdrawals in the mining area includes
the main measured structures, such as faults with slip scratches, joints, and veins, to a lesser extent. Based on
geometric and kinematic observations, about 1643 fractures were measured, including 14 fractures with veins
and, 52 fractures without veins, and 40 slip scratches.

Fractures, whether seams or faults, were removed, and a trace of minerals was seen. The mineral host rock,
the slope, and extension of veins, mineralized veins, fractures, and especially conjugate fractures were
considered in each harvest. In Win, tensor 5-8-8 and Georeient software, Geometric and structural analyses
were performed, and finally, 42 stations were measured. Also, a map including complete geological
information, lines, and alterations with the precise location of stations was prepared at a scale of 1: 1000 and
was drawn digitally in Arc Gis 9.3 software.

3- Results and discussion

Rock fractures are the most common geological structures seen at any outcrop. Joints are one of the most
common fractures seen at different scales in the study area. Geological surveys were carried out using Troud
rectangular geological maps at a scale of 1: 250,000 and aerial photographs of the region with a scale of 1:
20000 and 1: 50000, as well as topographic maps of the region at different scales in some areas. During
geological surveys with land movement, surveys according to the map's scale, rock units, and other geological
features, such as slope and extension of floors, faults, etc, are marked geometrically (Keynejad, 2011). These
features are implemented on topographic maps. Finally, "after reflecting the results of lithology, fossilology
and mineralogy of selected samples on them and adding geological map measurements with different scales
and prepared by computers and software, GIS has become digital (Anderson, 1942).

Around the fault zones and vein fractures, the density of the seam bundles increases. Mineral veins in shear
zones, such as the Troud -Rashm magmatic zone X, D, P, R', R, T, were identified and examined concerning
the fractures in the area. It should be noted that priority, latency, and the order of the intersection of different
regional fractures have also been considered during field harvests. Field surveys at geological stations in the
area and accurate surveys of fractures in the area show that the placement of ores is seen along most of these
fractures. Mineralization in this type of vein is more in the form of malachite, and the effects of secondary
alterations can be seen (Roohbakhsh et al., 2018).

The mineralization in question in this mineral range is both vein and non-vein:
1- The first group of mineral veins with a few centimeters to a few meters is economically considered.

2- The second group is scattered mineralization in the form of patches inside the host rock on the surface
of the fractures, separated and placed from the inner magmatic mass with the help of deep regional
fractures and the sliding-tensile motion of this area. This type of mineralization was tracked at the P and
D fracture levels (Angelier, 1989).

Mineralization has been deposited along faults with a northeast-southwest and a more minor north-south
trend. Mineralization is in the form of veined, hydrothermal fractures. The siliceous-shear veins are composed
of mineralization of Cu (mostly malachite and less azurite) and chalcocite, quinine, and burnite with secondary
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oxides and ferrous iron. Alterations in the Gazkhizan region also include the following types: Iron oxides,
especially from limonite, goethite, hematite, argillic, kaolinite, siliceous, etc.

In the study area, deep excavations were performed to find the existence of mineralization and deposits in
the depth of the earth and according to the results of explorations worthy of surface attention. Excavations were
carried out in two ways: boreholes and trenches. Give. In this regard, 11 exploration trenches were designed
and excavated in the exploration area. Then, the data density in the area (the purpose of exploration) has reached
the standard level, and the possibility of designing deep drilling points has been carefully prepared. In the case
of deposit storage, the collection of necessary data for plans has been considered. The design of boreholes was
performed based on the information obtained from the collection of surface geological studies and excavation
of trenches, especially their integration with maps and profiles obtained from geophysical explorations of IP
and RS methods. Due to the limited drilling area compared to the number, extent of anomalies, and exploration
range, the number of boreholes was divided based on importance and priority. As a result, 24 drilling points
were selected in the Gazkhizan exploration area. The average Cu grade for all boreholes in the study area is
1.52% ( Angelier, 1989).

The essential data for determining the type of faults in the region and fault planes and landslide scratches
related to them are by rose diagrams. After examining these structures, four groups of fractures were identified
with the help of drawing rose diagrams, which can be seen almost in most desert situations. These four
categories based on the trend include North-South, East-West-West, North-East-Southwest, and North-West-
Southwest faults. Among these four categories, extensions with direction N50E to east-west and direction
N20W-45W have the highest frequency, so the region's fractures and faults are located in northeast-southwest
to east-west and northwest-southeast. Take. The slope of these pages is high and, in many cases, close to
vertical. Other brittle structures observed in the area are joints. In this study, 979 joints were harvested, and
four groups of joints with north-south, east-west-west, north-east-south-west, and north-west-south-east trends
were obtained. Drawing the plates of these joints on the rose diagram in a focused method shows that the
dispersion of the joint is high, but most of the joints have a trend between N40 E -55W and N35 E -40E. In the
meantime, of course, the joints are constantly changing. The slope of the joints is 80-70 degrees, and their slope
direction varies between north and south due to the high slope. The surface of the joints is almost crooked, and
there is no curvature along the joints (Angelier, 1984).

4- Conclusion

Gazkhizan region has a mineralization zone with a length of 350 meters, a width of 50-70 meters, and an almost
"east-west" trend. The average Cu grade of ore-bearing zones at the level is 2.11%, and the range that includes
ore-bearing rocks and tailings is 0.82%. The definitive reserve of the ore zone in this area is estimated to be
more than 1,300,000 tons of Cu ore with an average grade of 1.59% Cu.

The study area is part of the Troud geological quadrilateral, located in the central Iran zone from the
perspective of the structural geology of Iran. The two main faults of Troud in the south and Anijilo in the north,
with their vertical movements and the extension of their left slip, play an important role in structural events and
the movement of mineral fluids and mineral deposits. The study area is composed mainly of volcanic and less
volcanic-sedimentary rocks with a combination of intermediate to basic and Upper Middle Eocene.

The fracture geometry in this region has been determined using Win Tensor and Georeient software. There
is also a northeast-southwest shear zone with Cu veins. Fracture analysis in this area shows that most vein
fractures are consistent with T-type fractures due to the function of a left lateral shear area. These vein fractures
are located north, northeast-south, and southwest.
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Fig.4. Location map of types of fractures associated with Trud fault section
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Trench NO.1-2 - Cross section map of wall and bottom
Scale : 1/100

Sample Location

Sample NO, - Length{m)

Begin End Au(PPb) | Ag Cu Pb Zn
TT.Tr1.51 2 L) 4 7.8 2.7 18488 64.9 104.9
TL.TrLS2 ) 17.3 113 12 11 958 337 65.6
T1.Trl.53 17.3 18.5 L2 2 58.5 35526 69.4 155.45
TI.Tr154 185 20.3 18 0.22 14 1247 2062 79.3
TT.Tr1.S5 20.3 23 27 5 1.6 13339 3737 135.65
TLIrLS6 29.2 35 68 19 10.2 24597 56.75 130.45

q-f
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Fig.8. Trench No. 8 of the study area

Trench NO.4 - Cross section map of wall and bottom
Scale : 1/100
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Begin | End | [AsPo) Az | cu | » | 20 |

LTSy | 48 | 685 | 21 31 | 78 ] 1898 | 1179 | 683
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Fig.9. Trench No. 4 of the study area

shls N20W — 45W sl 5 5550 -5 ,50 545 b
SlodeS 5 b KaSa iy cad S it
695 b ok ogr — 3L 55 Jled 03 95 )0 adhais
o S o0 L8 sl g 3L Jlad g gl
el @38 4 S0 3 04lg0 51 (g lean ;0 g 0L Dlxas
oj,0 ddlate 10 oud sddlive 0uiSs o izl Koo 5l
Sl g ol Sy e, AV slaw addllae ol jo aiies
65l b g Jled slanig; b oogye s
sl b 5 g5l sl b Jled sl
Slorio i (V0 JS5) el Cows 4 53055 Ogix
QLS 35 yoite O 90 o (F p S 5L (59, 2 oo y0 0
odas Lol ccenl ol ojys aiws (SaiSly a5 s
N35 E -40E 4 N40 E -55W o s, lls oo
o Ay dlwga e 4y oo ,0 olasal s ol o adl o

-0

b Sl g (1) 65 bla,l g bosls Judoxi -Y-0
sleaio g adhis slo LS g9 fnd sl 4l sloosls
85 slajloges lawgs by 4 bgspe slajal (i3 5 LS
50 oad Cudley sleailes 5l wlelbl Locil o S
o ke Jgoz) Conl ool Cews @ cilisie S sloasly
(Y
22ty WS T a5 S oo (s 25 3
S5 b Lo ol sy 5] g i bl Ll
@bl (SoSs wwd Sz (F e IS sla)loged o)
003 255 & glymo Glacandss i o Ly ,E5 oS was
slagus ol gy elaly atws ez (nl Wedioo
—5>b s b (55625 el g e
0 aidlbge pEb s wgir— i2l Jled 5 25l oo
NSOE sbiwl, b olbeolaal o SonSls s [loz ol oy



w

Yoo lads Y 0,90 NFLY 550 4 i (63,5 wlid yue) f’ﬂ’d'/;’#'f’g’*
)ij‘ w).m ;L..)J.Q.) LQO))JCJQ.»JW‘)—MUP u.e‘?jw‘ 4z ,0 Ye-A- Lﬁo)).)wu\.u}msn JJ;.\...)
D god 08y Ll ooy o slackal g Jlod oo Slade yog oL 4 azg L LAQT ol

ailaie ;0 0d i slbailed Slasin-Y Jgu>
Table 2. Specifications of boreholes drilled in the area
NO. BH Depth  Samples  Highest grade of Average Grade

NO. Cu (%) (%)
1 BH1 30 10 3.21 1.34
2 BH2 21 7 3.11 1.39
3 BH3 29.5 10 3.07 1.47
4 BH4 20 7 2.93 1.06
5 BH5 20 7 2.83 1.48
6 BH6 30 10 3.46 1.73
7 BH7 20.5 7 3.12 1.69
8 BH8 355 12 3.7 1.71
9 BH9 25 9 3.82 1.78
10 BH10 245 9 3.07 1.59
11 BH11 36 12 3.47 1.84
12 BH12 20 7 3.2 1.65
13 BH13 30 10 3.79 1.66
14 BH14 30 10 3.41 1.88
15 BH15 35 12 4.65 1.71
16 BH16 30 10 3.23 1.52
17 BH17 20 7 2.89 1.51
18 BH18 15 5 6.78 2.42
19 BH19 15 5 3.38 1.29
20 BH20 15 5 2.11 0.78
21 BH21 15 5 2.76 1.06
22 BH22 15 5 2.7 0.84
23 BH23 15 5 2.56 0.93
24 BH24 15 5 1.73 0.73

Total Metrage 562 m
Total Samples 191
Average Grade of Cu (%) 1.52

A - veins

.5
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Fig.10. Rose diagram of the fractures with mineralized veins in the area
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Table 3.Status of mineralized veins in fractures with mineralization of Gazkhizan mineral area

c Grad Fracture
) o ) opper Grade )
Mineralisation ~ Alteration . . Relative Copper Type
Alteration  Thickness - Sorted by
Phase Degree . Frequency Vein .
Average  Maximum formed in
Shear Zone
Low Limo <30 cm 1.81 4.65 Moderate * T
Limo,
1 High Kao, <4m 242 6.78 Very High * R
Hema
Low Limo <70 cm 1.65 High * R'
there is evidence of scatterd non-vein mineralisation along the stfike of these fractures - P
there is evidence of scatterd non-vein mineralisation along the stfike of these fractures - D
2 Moderate Limo, Kao <20 cm 1.88 3.41 High * X
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