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Fig. 2. A: The map of Iran playas (krinsley, 1970), and B: Map of Isfahan watersheds based on geological field works,
interpretation of aerial photographs and maps have been prepared by National Iranian Oil Company, (1959). The
studied regions (Shahr- e - Babak playa) marked in the box.

o N 055 ola, b L &L gba¥ &) son GaepS slaazl)s SIS Gy gty (5 553
N N N N L N o e R RGPy -t PG PO S SR R - Py O

ST i L ol 3505 &1 ), s L LT L o aly Oy 5o oL (Kejun, 1984) aes



ofd e Sebied b 50 g slaaiind cerdg) g (b S (o2

AYF Jlo) ¥ ooyleds A ul>

(A -0 JS5) dis e Bl Yo ST b3 L o ladl &
Pl LT s g aleds ;8,5 diw s J§ 8
D LT oty 1 S8 el ) 53 iy oo o n Sl
ol o6 e | s 53 5 &S st (sl el
A Y Lo ayls 130T 5o bl p o5 glaaY s
WY bw g w390 bl Ol LI,y Culbes e e
93 il 0l oty e Sl 00 B Y Sl 4 oS
Sl sla LS LUT 05 oo ALE Gl o bl
c(B—bJQ)Ai:rijchaJ:@tgb&Q)yq
oy a o 4 5L Lo g ST 2l ST oS
lis S dal s el o bl ol Sl 4 sl LS

s S gl 5 S8 g 53l 0 XRD 5 ol e

g o el 0TV (Ko g0 T3 ot 457 (1
25 sl s (Helvaci, 1995; Muessig, 1956) 555
el D g e S a8 K5 5 gy o U
5 K5 La LS 51 sl 53 Dl s (slas sk ¢l il
Sl 534S gy 350 ailate Sy J20) 3,5 oo
Eely st )b = Dol 5 S (glaas o (W)l 15 &8
S5 b a5 oo L s sl g Dl 31 o sl sl
ezt ol enl b idly BLSH1 ) 5 s 8 lazly s 56
sl 4 815 el ys Dby (S35 534S 3,05 3.
ST i ) 55 el s (o 2 3550 Ghle (L o
SLaad 8 &)y s SLa T = Ve Gas s 5 ST

Q}eﬁ\x&)ﬂ@d&ﬁwc%é&x‘)@

4
™

Tl , Sampling location

Sl piged Jome 5 Soljreds L slolsale pgai ¥ g

Fig. 3. Playa Shahr — e - babak satellite images and location of sampling

(b)) ol g 3blee 51 (51 paiges B g (Cumgye) 3 g2 Su33 5l (5 o paiges : ALF S
Fig. 4. A: Sampling from near plant root (Marvast), and B: sampling from areas without vegetation (Robat)



O

50 i slad ST &0 1) lalyg BT B g (oLl 5l) 05 0 0038 oSy o pl § st sloaST (S S50 23 55 A LS JSb

(bL)) o Gl se ey lam

Fig. 5. A: under a thin layer of soil, silky white spots of Ulxite can be seen (Khatoonabad), and B: borates in the form of

white spots on the surface can be seen (Robat)
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Fig. 6. A: Sassolite in Marvast area (according to the evidence XRD), and B: mineral Ulxite (cotton balls) with a silky

luster from Marvast area
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Table. 1. Important boron minerals in the region based regions (Shahr- e - Babak playa) on XRD method

Hydrated borates

Chemical formula
NazB4O7. 1 0H20

NaCaB509.8HzO
CaB6010.5H20
CazB(,Ol 1- 1 3H20

Name
(Borax)

(Ulexite)
(Gowerite)
(Inyoite)

Non-hydrated borates

Chemical formula
B(OH);

Name
(Sassolite)

1. Inyoite
2. Gowerite
3. Sassolite
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Fig. 7. Two XRD peaks relate to the borate minerals in the studied areas regions (Shahr- e - Babak playa), A: Peak of
mineral Ulxite (U), and B: the peak of the mineral Sassolite(S)
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Fig. 8. Frequency plot for boron in the studied areas regions (Shahr- e- Babak playa)
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Table 2. Whole rock chemical analyses for the major and trace elements from the studied area regions (Shahr- e -

RB2 RB13 RB12 MV6 MV4 MV2 KH4 KH3 KH2
Cl% 282 007 47 115 041 541 453 023 422
Al% 139 063 034 058 024 057 068 005 022
Ca% 91 225 081 117 45 1365 657 1565 1854
Fe% 158 06 032 108 0219 071 099 006 025
K% 057 0.6 036 011 004 0.3 015 002 0.1
Na% 212 133 133 141 133 384 133 315 267
S% 48 133 133 461 133 133 133 963 133
Ti% 0.035 0.028 0015 0026 0007 0014 0028 0002 0.007
Ag(ppm) 0.09 002 007 005 001 002 002 001 001
As(ppm) 113 109 2.1 13 29 7 9.4 25 73
Au(ppm) 01 01 01 01 01 01 0.1 0.1 0.1
B(ppm) 170 20 30 10 2230 340 1020 133333 90
Ba(ppm) 80 30 40 120 20 40 40 10 10
Be(ppm) 044 03 054 0.3 013 016 021 176  0.06
Bi(ppm) 0.09 0.14 0.19 009 003 004 006 0.005 0.02
Cd(ppm) 0.12 005 0.3 0.7 002 005 008 001 003
Ce(ppm) 142 333 493 57 188 447 674 065 177
Co(ppm) 84 22 13 48 17 42 4 0.7 1.6
Cr(ppm) 48 4 2 30 9 18 35 2 4
Cs(ppm) 155 242 19 047 029 053 082 048 032
Cu(ppm) 246 69 48 106 44 8 11 22 6.4
Ga(ppm) 3.56 157 089 166 06 143 187 014 055
Ge(ppm) 0.08  0.06 0.05 0.002 0.002 0002 005 0002 005
Hf(ppm) 0.17 024 0.12 008 004 008 0.4 0001 0.03
Hg(ppm) 0.04 001 005 004 001 001 003 001 0.0l
In(ppm) 0.016 0.006 0.002 0.009 0.002 0.007 0.009 0.002 0.002
La(pppm) 6.8 203 303 3 1 22 38 0.3 0.8
Li(ppm) 523 161 192 148 77 10 187 77 161
Mg(ppm) 20600 2600 1900 28900 5700 13600 7600 900 6900
Mn(ppm) 358 151 135 196 71 166 205 53 54
Mo(ppm) 115 126 259 383 041 035 256 037 035
Nb(ppm) 0.66 0.6 055 024 015 027 037 006  0.12
Ni(ppm) 403 2.8 2 281 109 238 138 15 44
P(pm) 970 190 90 170 120 230 210 100 70
Pb(ppm) 29.1 30.8 108 118 73 5 238 5.1 2.7
Sb(ppm)  0.19  0.14 0.6 133 014 0.14 028 0.1 0.1
Sc(ppm) 3.9 2 12 21 1 1.8 22 0.5 0.8
Se(ppm) 34 03 06 09 15 23 12 0.3 2.7
Sn(ppm) 09 02 01 02 01 01 03 0.1 0.1
Sr(ppm) 1030 993 770 770 1200 1050 875 4970 3700
Ta(ppm) 0.05 0.05 0.05 005 005 005 005 005 005
Te(ppm) 0.07 002 0.02 003 002 003 005 002 003
Th(ppm) 2 15 1.1 09 04 09 11 0.1 0.3
Tl(ppm)  0.08 0.1 0.3 005 002 003 004 001 001
Uppm) 106 176 04 033 014 088 043 013 342
V(ppm) 41 15 9 19 6 14 31 12 12
Wppm) 047 057 073 051 016 0.1 1 009  0.05
Y(ppm) 588 3.67 286 33 105 24 309 058  0.86
Zn(ppm) 54 18 21 48 11 20 24 3 7
Zrppm) 57 63 31 35 13 23 43 0.2 1.1
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Table 3. Spearman correlation coefficients of elements in the main evaporite minerals studied area regions (Shahr- e -
Babak playa)
Cl S K Na Ca B
B -350 .158 -483 244 283 1.000
Ca .100 -050 -767 -409 1.000
Na -305 .807 .131 1.000
K 150 .030  1.000
S -.139  1.000
Cl  1.000
Dendrogram using Avgrae Linkage (Setween Groups)
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Fig. 9. Dendogram for some elements in important evaporite minerals from the studied region regions (Shahr- ¢ -

Babak playa)
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Introduction

Borate deposits are often important constituents of
economic non - marine evaporates. They produce
under arid climatic conditions in playa lakes
(Floyd et al., 1998). In the south — western parts
of the Kerman province, such as the Khatoonabad
area (east of the city of Shahr —e —Babak) and
Robat — Marvast basin (west of Shahr — e —
Babak), there are several borate deposits. They
can be seen mainly in Sanandaj — Sirjan
depressions and they occur as borate bearing
nodules beneath a thin layer of soil. In general,
boron considerably reduces the thermal expansion
of glass, provides good resistance to vibration,
high temperatures and thermal shock, and
improves its toughness, strength, chemical
resistance and durability. It also greatly reduces
the viscosity of the glass melt. These features, and
others, allow it to form superior glass for many
industrial and specialty applications (Garrett,
1998). In the past, the ancient residents used them
as co-melting matters. Ulexite which is frequently
found in the Khatoonabad playa (at 30 km South
East of Shahr Babak) have Jewel properties
(Ghaedi et al., 2014).

Materials and methods

After reviewing and Library Studies, geological
field studies on the borate deposits were carried
out from Shahr — e — Babak Playa. In order to take
better samples, several pits were excavated with a
depth of 30 cm to 1 meter so that borate minerals
became apparent. X-ray diffraction analysis
(IMIDRO, Karaj), and ICP AES (ALS CHEMEX,

Canada) methods were carried out on
representative samples taken from the studied
area.

Discussion

Field observations show that in the studied areas,
borate bearing basins are fed by rivers which have
originated from Sanandaj — Sirjan metamorphic
rocks, Nain — Baft colored mélanges and igneous
rocks of Urumieh — Dokhtar magmatic belt.
Borate minerals also occur in fibrous aggregates
and massive forms.

Mineralogy

XRD results show that the studied borate minerals
mainly belong to the hydrated borates and contain
ulexite, borax, gowerite, sassolite and inyoite.
Geochemichal data indicate that the boron is the
dominant constituent in the studied playa. Borate
minerals are divided into two groups of hydrated
and non-hydrated borate category (Palache et al.,
1952.; Garrett, 1998). Both hydrated and non-
hydrated borate minerals have been formed in the
Shahr-e-Babak playa.

Hydrated borate in the study areas:

Hydrated borates are those borates in which water
molecules are involved (Garrett, 1998). In the
studied area, the hydrated borate minerals include:
Borax, Ulexite, Inyoite, Gowerite.

Non-hydrated borate in the study areas:

In the Shahr-e-Babak playa, Sassolite non-
hydrated borate minerals are abundant.

According to the XRD analyses performed on
samples from the study areas, the hydrated borate
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minerals are more important minerals. The main
economic valuable minerals include:

1- Ulexite (NaCaBs04.8H,0): Crystal Data:
Triclinic. Point Group: 1 (Ghose et al., 1978). In
the Shar — e - Babak playa, ulexite occurs as
deposits with massive, cauliflower-like nodules
and fibrous textures.

2- Borax (Na,;B,0Os(OH), *8H,0): Crystal Data:
Monoclinic. Point Group: 2/m. Crystals are
commonly short to long prismatic [001] (Levy
and Lisensky, 1978). In the studied borate
samples, it can be found in association with the
other borate minerals, and often occurs in the
form of salt marsh.

3- Gowerite (CaBsOg(OH), <3H,0): Crystal
Data: Monoclinic. Point Group: 2/m (Erd et al.,
1959). In the Khatoonabad samples, it was found
as prismatic and spherical crystals along with
ulexite.

4- Inyoite (CaB3O; (OH)s <4H,0): Crystal
Data: Monoclinic. Point Group: 2/m (Christ,
1953). This mineral has been detected in the
studied area by XRD.

Sassolite (H3BO3): Crystal Data: Triclinic.
Point Group: 1 and as scaly pseudohexagonal
crystals (Allen and Kramer, 1957). This mineral is
found frequently in the Marvast Playa.

Geochemistry

Geochemical data indicate that in the studied
playa, boron is very abundant. Good correlation
between the elements, such as B and Ca confirms
the formation of Calcium bearing borate mineral
in the studied areas.

Origin

Field observations show that in the studied areas,
borate bearing basins are fed by rivers which have
originated from the Sanandaj - Sirjan
metamorphic rocks, Nain — Baft colored mélanges
and igneous rocks of the Urumieh — Dokhtar
magmatic belt.

Result

The XRD results show that the studied borate
minerals mainly are hydrated ones and contain
ulexite, borax, gowerite, sassolite and inyoite.
Geochemichal data confirm the frequency of
boron in the playa. Good correlation between the
elements such as B and Ca verifies the formation

of Calcium bearing borate mineral in the studied
areas.
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