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Fig. 1. Position of samples taken from the study area (Southwest of Mashhad)
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Fig. 2. General classification of ultramafic rocks (Streckeisen, 1974) and types of samples from Southwest of Mashhad
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Fig. 3. A: Serpentine successor instead of Olivine, and B: Maintaining Olivine circular molds by increasing
serpentinization (Southwest of Mashhad). Abbreviations after Whitney and Evans (2010) (Srp: Serpentine, Ol: Olivine).
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Fig. 4. A: Sample of the microscopic section of studied meta peridotite with primary granular and lattice texture, and
B: A studied samples in southwest of Mashhad with severe serpentine degree and lattice texture. Abbreviations after
Whitney and Evans (2010) (Srp: Serpentine, Ol: Olivine, Cb: Carbonate, Chl: Chlorite).
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Fig. 5. A: Conversion of clinopyroxene to Thermolite; B: Conversion of orthopyroxene to talc (Southwest of Mashhad).
Abbreviations after Whitney and Evans (2010) (Tr: Thermolite, Tlc: Talc, Srp: Serpentine).
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Fig. 6. A: Thin section of a meta orthopyroxinite in the studied area, and B: Thin section of a meta webstreet in
southwest of Mashhad. Abbreviations after Whitney and Evans (2010) (En: Enstatite, Opx: Orthopyroxene, Srp:

Serpentine, FeO: Ferrous Oxide, Cpx: Clinopyroxene).
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Fig. 7. A: Olivine conversion to serpentine, and B: Increased fracture and microfrature in orthopyroxene with increased
serpentinization (Southwest of Mashhad). Abbreviations after Whitney and Evans (2010) (Opx: Orthopyroxene, Srp:

Serpentine, Cpx: Clinopyroxene).
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Table. 1. Classification of rocks based on Uniaxial compressive strength (Bieniawski and Bernede, 1979)

Svmbol uniaxial
Classification (in tlzris paper) compressive
strength (MPa)
Very Weak VW 1-5
Weak W 5-25
Medium Strong MS 25-50
Strong S 50 -100
Very Strong VS 100 - 250
Extra Strong ES > 250

1. MS 3.VS
2.8


http://www.SId.ir

o o gl SST55 sl T 5 Oondsiil s BB e bL3 | YA JLo) F o )less ) al>

.| (Bieniawski and Bernede, 1979) & ; 5 Su sl
cgjjmiiﬁéjué@jﬁ»j\d_wb-@ug@jb.f
Qﬁuﬂ%}j@ﬁuﬂ(@)%@ﬁj&é})%)bhdﬂ

S 0l

SOl 5 S5 sba T 5l ol =B Y Jadr o
Sla i leiT 51 ol L oF dadar 53 5 Lacs sl pbe
YU 5 aS ol sl oo T bS5 wlie  SGIS 5 S5
SlatnS T mlie 5 O 5o 5l Ghupeed bl (B0l
Sl sl LT (o) 5SS (g Lid o glin caibaie

Lg)l_..._‘) u_njl.ln o.)) d_w )O 9 uw5.)._|).:l_..n 05)5 )D (..\.Q_....A UJ_CU9_A.’>) R Q)ﬁ.n L_.;meﬁ.o.; ks_iulin 9 é)).d LngM.I;n Y JS\-\-”
(Bieniawski and Bernede, 1979) w5 Swglis o laslinl ol 55 (5,570 SS

Table. 2. Physical and mechanical parameters of the studied samples (southwest of Mashhad) in meta peridotites group
for three classes of uniaxial compressive strength according to the classification of Bieniawski and Bernede (1979)

Meta peridotites
Strength Sample  Porosity ab‘s):])ilt)et;on Density UCS Is 50 BT Serpentini
classification = number (%) (%) (gr/em®) (MPa) (MPa) (MPa) zation (%)
Pr-H1 0.81 1.6 3.30 120 8.1 7.7 20-30
Pr-H2 0.68 2.9 3.18 98 7.6 7.0 25-35
Pr-H3 0.90 1.9 3.05 115 7.9 8.9 30-40
Pr-H4 0.41 1.5 3.28 116 8.0 8.3 25-35
Very Strong Pr-H5 0.73 3.2 2.99 104 5.9 7.4 35-45
(VS) Pr-H6 0.45 1.7 3.21 107 5.6 7.2 30-40
Pr-H7 0.51 2.1 3.32 130 6.9 9.5 25-35
Pr-H8 0.57 2.7 3.11 130 5.8 9.7 20-30
Pr-H9 0.50 1.5 3.08 135 7.7 8.6 25-35
Pr-H10 1.03 2.3 3.25 124 7.2 8.1 30 -40
Pr-M1 0.95 3.9 2.89 69 5.7 5.9 55-65
Pr-M2 1.26 3.4 2.60 100 5.5 6.9 45 - 55
Pr-M3 0.74 1.9 3.12 73 5.1 5.8 35-45
Pr-M4 0.85 2.0 2.95 71 4.8 4.7 50-60
Strong Pr-M5 0.91 2.8 2.56 79 4.3 54 45 -50
(S) Pr-M6 1.99 4.2 2.25 56 3.9 7.9 50-60
Pr-M7 0.62 2.3 2.81 58 5.9 8.3 45 - 55
Pr-M8 1.80 2.8 2.66 49 5.5 5.1 50-60
Pr-M9 0.66 1.5 3.22 74 6.6 6.7 40 - 50
Pr-M10 1.34 3.1 2.79 98 5.9 9.0 35-45
Pr-FL1 2.97 7.1 2.64 39 4.4 5.1 55-65
Pr-FL2 0.90 3.1 2.59 49 4.5 3.8 70 - 80
Pr-FL3 1.57 3.4 2.54 52 5.4 3.4 60 - 70
Pr-FL4 2.14 5.5 2.42 58 3.9 6.4 60 - 70
Medium Pr-FL5 1.84 4.5 2.39 48 2.7 3.4 65-75
Strong Pr-FL6 1.53 3.7 2.34 31 4.2 33 50-60
(MS) Pr-FL7 3.39 4.4 2.60 27 4.0 3.9 70 - 80
Pr-FL8 1.85 3.2 2.46 30 33 4.9 55-65
Pr-FL9 2.13 6.3 2.52 43 2.1 5.8 65-75
Pr- 1.17 3.7 2.70 35 4.1 3.6 70 - 80

FL10
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Table 3. Physical and mechanical parameters of the studied samples (southwest of Mashhad) in meta pyroxenites group
for three classes of uniaxial compressive strength according to the classification of Bieniawski and Bernede (1979)

Meta pyroxenites
Water

Strength Sample  Porosity . Density UCS Is s0 BT Serpentini
classification = number (%) abS(()‘;op)t ton (gr/em®) (MPa) (MPa) (MPa) zation (%)
Px-H1 0.57 2.6 3.22 107 7.0 8.5 20 - 30
Px-H2 0.52 1.4 3.31 137 8.1 9.2 20 -30
Px-H3 0.86 2.5 3.00 100 5.6 7.3 35-45
Px-H4 0.62 1.5 3.17 135 7.7 9.1 30 - 40
Very Strong  Px-H5 0.52 2.2 3.24 134 7.8 8.7 25-35
(VS) Px-H6 0.74 1.9 3.27 114 6.3 8.2 35-45
Px-H7 0.51 13 3.31 98 7.6 7.1 25-35
Px-H8 0.66 1.7 3.29 103 5.1 7.2 30 - 40
Px-H9 0.70 2.8 3.11 110 6.9 9.3 25-35
Px-H10 0.64 2.4 3.25 100 5.2 6.7 35-45
Px-M1 1.21 2.2 3.07 97 52 5.7 55-65
Px-M2 0.69 1.9 3.21 88 5.7 7.6 35-45
Px-M3 0.85 3.2 2.98 83 6.2 5.8 50 - 60
Px-M4 1.82 3.9 2.64 66 3.9 6.2 45 -55
Strong Px-M5 0.72 3.5 2.85 62 4.7 6.9 55 -65
(S) Px-M6 0.67 1.9 3.01 96 6.3 7.8 40 - 50
Px-M7 0.53 1.8 2.84 87 5.3 5.4 45 -55
Px-M8 1.02 32 2.87 59 5.5 5.7 50 - 60
Px-M9 1.07 2.1 2.95 69 5.9 6.1 35-45
Px-M10 0.87 2.3 2.82 67 4.6 6.6 45 -55
Px-FL1 1.27 2.6 2.85 51 3.8 4.0 70 - 80
Px-FL2 0.71 2.8 2.71 56 5.3 4.9 70 - 80
Px-FL3 0.73 2.5 2.82 30 5.8 3.8 60 - 70
Px-FL4 1.32 3.5 2.69 35 3.7 6.0 55-65
Medium Px-FL5 0.92 2.9 2.88 46 3.4 4.1 65175
Strong
(MS) Px-FL6 1.06 4.5 2.73 50 4.1 6.3 55— 65
Px-FL7 1.97 3.7 2.48 55 3.3 4.9 60 — 70
Px-FL8 2.16 4.2 2.56 39 5.6 5.2 65175
Px-FL9 1.02 3.0 2.77 50 4.2 6.5 65175

Px-FL10 0.98 2.9 2.84 47 5.2 6.1 60 —-70
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Introduction

In the southern margin of the Mashhad plain in
Northeastern Iran, there are strips with tens of
kilometers length consisting of metamorphic
rocks and ophiolite complexes with the NE-SW
trend. Ophiolites are fragments of ancient Oceanic
crust (Ghaseminejad and Torabi, 2015; Khanchuk
et al.,, 2016; Shirdashtzadeh et al, 2017) most of
which consists of ultramafic rocks. Ophiolites are
formed during tectonic displacement in the
southern part of the Mashhad plain (Alavi, 1991;
Karimpour et al., 2010; Sheikholeslami and
Kouhpeyma, 2012; Zanchetta et al., 2013; Shafaii
Moghadam and Stern, 2014). These undergoing
metamorphosed regions ultimately lead to the
formation of serpentines complex due to factors of
pressure and temperature. Subsequently, tectonic
variations create different levels of
serpentinization in the region. Different degrees of
serpentines have different geotechnical properties
that are discussed in this study.

Materials and methods

To conduct the lithological studies, 313 samples
were collected from surface and trenches in the
studied area. Following the preparation of the
microscopic cross-section of all specimens, the
mineralogical characteristics, texture changes,
color changes, degradation and microcrack
development were studied. Then, the samples
were classified based on the general classification
of ultramafic rocks (Streckeisen, 1974).

According to this classification, the ultramafics
extracted from the studied area were classified in
the metaperidotite and metapyroxenite groups.
After separating various metaperidotites and
metapyroxenites the percentage of
serpentinization in all specimens were determined
and 60 samples with different serpentinite
percentages were selected. Also, the stone blocks
were provided for preparing the core samples.
Physical tests (such as dry and saturated unit
weights, porosity, and water absorption
percentage), and mechanical tests (such as
uniaxial compressive strength, point load strength,
and Brazilian tensile strength) were performed
based on the Brown (1981) method in the
laboratory of the Ferdowsi University of
Mashhad.

Results

The results show that there is a good relationship
between the percentage of serpentinization of
samples and uniaxial compressive strength (the
most important geotechnical parameter in rocks).
The ultramafic rocks are divided into three groups
based on uniaxial strength and 25 to 40% of
serpentine are very strong, 40 to 60% of
serpentine are strong and 60 to 75% serpentine are
of medium strength. Also, the ultramafics with
75% to 95% of serpentine, arenamed as
serpentinite rocks with weak uniaxial compressive
strength.
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Discussion

Although most of the ultramafic rocks have good
strength as the foundation for building, the
construction of a structure on these rocks has
numerous problems due to the formation of
minerals such as serpentine and talc with one-
directional cleavage. With increasing the degree
of serpentinization, some phenomena such as
slope instability, sliding, excavation collapse will
occur. The results of the present research
indicated the priority of serpentinization degree of
ultramafic rocks compared to their strength. As it
is seen, although in a high degree of
serpentinization, the metapyroxenites have higher
strength and lower water absorption compared to
metaperidotites. Therefore, the mentioned issues
demonstrated the importance of the degree of
serpentinization compared to strength in
ultramafic rocks.
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