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Table (1): Amounts of minerals forming sediments by XRD* method

No# 247 210 207 277 290 283 294 313 283
Depth (cm) 90-100 0-10 0-10 0-10 90-100 0-10 0-10 0-10 90-100
Illite - - - - 6.32 - 11.8 - -
Halite 2.60 19.20 - 24.89 13.10 30.9 5.8 - 39.45
Quartz 51.90 34.04 3780 26.75 26.23 339 40.9 41.7 32.41
Silvite - - 1.04 - - - - - -
Nontronite - - 3.86 8.44 - - - - 2.13
Palygorskite - - 4.94 8.44 5.30 - 53 - 2.5
Montmorillonite 5.60 3.30 3.13 - 7.55 - - - -
Hedenbergite - - - - 6.00 - - - -
Eastonite 4.10 - - - - - - - -
Calcite 20.80 12.31  22.60 21.81 13.60 22.12 25.8 40.8 23.51
Sepiolite - - - - 5.21 - - - -
Zeolite 0.50 3.10 - - - 12 - - -
Albite 14.00 11.10 7.86 - - - 6 17.5 -
Cristobalite - - 17.76 - - - - - -
Dolomite - 2.20 - 7.41 - - - - -
Magnetite - 3.40 - - - - - - -
Halloysite - 7.05 - - 7.85 - - - -
Anhydrite - 4.30 - - 8.40 - - - -

spectroscopy (EDS) sepiolite mineral indicating the presence of Si, Mg and O

S SS G o e, Sl S o tedla SIS i SEM) gy 9, gy Ken bl s gead 1(F) IS

0 s Mg Si )i KL o s SS(EDS) LS

Figure (3): Scanning electron microscopy (SEM) a: halite mineral b: palygorskite mineral c: quartz mineral d: energy dispersive
spectroscopy (EDS) of quartz mineral indicating the presence of Si and O e: Sepiolite autogenic mineral f: energy dispersive
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1. Taylor & McLennan

(UCC) VL (glo,ls gy polie L a0l dslio 5 s 5

Vo) sl g om0 lod ed3l Jw (sl g (owidien (A9 (ool dloxo AA
XRF 24, L U slad gd (Wt%) Lol slaansS| 5slaa :(Y) Jgim
Table (2): Amounts of major oxides (as wt%) of bulk samples by XRF method
No# 210 210 223 247 247 277 277 286 290 290 320 324 324
Dg:;}; 0-10  90-100  0-10 0-10  90-100 0-10  90-100 0-10 0-10  90-100 0-10 0-10  90-100
SiO,  41.88 4290 40.67  40.52 4381 41.22 4030  43.67 4553 41.32 43.04 43.04 39.82
ALO; 8.23 9.75 8.16 8.48 9.89 9.57 8.52 8.82 9.92 10.22 9.37 9.36 6.69
Fe,0; 5.08 647 512 5.92 5.86 6.72 6.64 6.35 6.57 7.28 5.67 5.67 4.78
CaO 6.29 690  7.79 7.90 9.97 7.69 5.89 7.67 8.63 5.47 8.41 8.41 7.39
Na,O 9.24 3.51 6.70 5.95 293 6.45 5.14 5.82 4.39 3.36 7.34 7.34 5.45
MgO 9.75 9.07 752 8.84 6.16 7.97 11.16 9.38 8.53 8.46 7.28 7.27 11.62
KO 1.66 2.10 1.76 1.92 2.03 2.10 1.67 1.79 2.07 2.26 1.84 1.83 1.25
TiO, 0.42 052 043 0.50 0.52 0.47 0.46 0.49 0.53 0.56 0.45 0.44 0.45
MnO 0.08 0.09  0.08 0.09 0.10 0.10 0.10 0.10 0.11 0.10 0.09 0.09 0.07
P,0Os 0.10 0.10  0.11 0.12 0.13 0.12 0.10 0.11 0.12 0.11 0.11 0.11 0.10
L.O.I 9.56 1423 10.46 9.31 15.82 9.05 15.06 9.61 9.22 16.88 8.10 8.10 16.00
L.O.I: Loss on ignition
XRF fy, 4 S gk ged (ppm) CleS jols palis :(F) Iyt
Table (3): Trace elements data (ppm) of bulk samples analyzed by XRF method
NO# 210 210 223 247 247 277 277 286 290 290 320 324 324
D(i[:;}; 0-10  90-100 0-10 0-10  90-100 0-10  90-100 0-10 0-10  90-100 0-10 0-10 90-100
As 8 7 15 6 8 1 N 18 17 8 7 5 5
Ba 212 264 257 282 336 309 244 301 369 267 286 286 242
Ce 44 30 52 N N 47 69 58 N 25 52 52 N
Co 17 22 16 16 22 22 29 20 18 25 15 15 19
Cr 333 229 110 107 156 154 304 232 163 157 117 117 382
Cu N N 18 11 48 37 35 19 17 5 50 50 N
Nb N N 4 2 1 3 N 4 8 N 4 4 N
Ni 234 207 190 132 152 339 476 327 297 175 162 588 391
Pb 15 21 27 16 22 34 8 35 35 42 23 14 14
Rb 57 81 76 76 92 90 79 72 84 101 72 72 46
Sr 212 363 403 965 483 476 262 393 279 343 483 483 264
\% 63 78 71 76 83 84 78 80 79 95 74 74 56
Y 28 43 28 30 42 30 27 32 32 34 25 25 33
Zr 85 145 126 158 188 137 148 134 138 161 127 127 93
Zn 68 97 74 86 97 92 90 87 102 127 78 78 71
Cl 42000 28905 105000 49000 18422 59000 35498 53000 38000 30666 69000 6.9 N
N: Not detected
e 5 (V4A0) | oIS 5 5 ks Ll I fols e
- Z < - . . -
A S S K L sty ot i et
Sl b (S35l0 (Dl Lo S Sl (i lles Gk



Al sl s 9 (SIS Cnmdgo cpmand 53 (3 831515 19w (SUM Slgwy (soniin s

LSt 53 ol 5L Slge, S g 5 SIO/ALO;
sl Kbl (UCC) VL (gloy6 dnn gy oslie 4 o
Syl Jlie 53 (o1l ks Sl oS L
e e ey Sla SLS 5 S0l s Sl s WL
SLS 53 Nay0 s e slie ol Slgeny 3 Ll
G S 5 bayluwdls i clewy K05 5 ALO3 sl
e TN LK 5 sbalr) ol Slguy 53 o
dalydas e Ldag e Lkl 4 o (Y)Y 0K
ALO; 5l ibae ol gladeS| S Cons 5 wlid SIS
s 00 Sl 03 s s S S oL lis
Gias TiO, slie dnil ol Jools Laylowdls lac
ol S palie 5 SOLSTy SGLe slaKin b BL3 s
Lslsis glaKw 5l Laol s srie 51 2l Kl5
Gl 3 il (VY 0L 5 sbals) sk
U N NS SUNCIION 1 [CTS DI RN SRS |
o s 3 e 0 5 sl 03 AL Sl
Al Sl sl S8 5 Jos, b BLosl s Ll e rzeon
vl s sab)
03 Ce )Ni, V, Y, Zr, Co «Nb 1sile ¢ 5, »le
Coba 5 33 (S5l Ll b Coo (sl Sl
Ky o o Logas 5 035 ook BBt 555 S5 Lo gis
Lo slaslss pimen (V4Y 0LSen 5 5 dSs)
e o el e Slesliad L Ol e 1) Slisy
ol ol (YooY LS 5 il 551 Ceus
Cmbge pas i gl gt SOLE Al e o
Sy et i3l Dy Ll 5 (S55
I3l = b Dy 4 e 3258003 (5T = ke
2R pele 5l Saihis Ol ol
gy pslhe L aeglie 55 (Yo o) (I Se) Wl 54
e LDk Sl (o8 ol (UCC) VL (gl )6
SAd e Zn sY «SrPb «Cu Ni «Cr«Co ¢As ol

2. Pandey and Parcha
3. McLennan
4. Steffen

(UCC) VU oyl gy slie b 4o s 3 S 1,
Fer05 Jold Slg 5 Ly Sl ol sladtS)
53 5 Llesls 0Lz S e MnO 5 MgO Na,O «CaO
P,05 5 TiO; <K,0 <ALO; <Si0, Jwl glats| (Ll
(S102) pooshes A4S (B JS2) din (S g5 Sl
2 508 SLE 5 g glbad 55 Larls S Olyen
Wy Ol is (VoA OS5 Jsle) el Lie &G
iee 53 Ko0 5 ALO; dzile plad S| |Llis s SiO,
534S Sl od i 2w NajO L Julie 53 5 o35 oot
s SLa S5 S5 s by b slie L bLs |
slaaxla 5l K S.(5ato ¢ S58) Culad sas 53
g oo ool (glsl Sl adllas 55 &S oland 55
S oo g AnS S Ol piean (ALOS) psin I LS|
S50 5 53k (Sl Jolie 5s ast e
5 dale Ve es OlKes 5 SKlgl) ol pslis Slise,
3 NaO Julis 53 ALO3 ol i Wy (Y0 A Ol
AeS1 5 ) e pde UL oS 005 e ailats
S e seen T G Sh Jlsl 3 5 SaS b ool
(5d 188) ol gy Lo &b 53 (L
3 NaO s MgO «CaO slaaS| slie 55 Sas oo
sy SOLE ALO; 5 Si0; Llis ;3 NaO ie X,
S5y e 5SS 5 e ls Aol 5L S e SIS
el e LS aile d IS g5 5l (6 sla SIS
= ol Bk Lo (Ve OS5 ) spstedar)
(XRD) b pizmar o b S Sy SNy e
L 3 sl 5 sl S Gla SLS 5y sesu
L bLs,l s 55 MnO 5Fe,05 VU slie .l Sl o
5 pdied3) Sl K S S Ol comSe ) sl
SLOL 3 (Y0 F 0Ll 5 esl) a7 (01 Ken
i SSLEMNO 5 Fey05 VU slie 55 1y 5w
5 S10; duST Cote Wig, romen ol aikate 53 e
ol Lo sl K S5 i s ALO;

1. Batumike



o) 5l cpiibg om0 3lod e03b Jlw (sl piuansmgST (oo (g3 (ol aloxo

s b e Jo gl sl sl Jale 15 e (slans S
St aie 5l Sais (04N OLLSan 5 o S) AL
Slasls 2 K L et ol 2Kl Jow dil5 e
clasls 53 Ca oSl ST cpizman U3l Jlopealy
Ll5 o Nb 5 TiO, e sla Jle sl 55 o Jl3pendS
5 Jle) ABl e 31 5050 dilate ) K KL

(Yoo A L

10

Average/UCC

a1
001 v v v v
o \l N\ \} \) y \}
\ \ N S O N g
o S} *;,‘ VoY ¢ Y

Average/UCC

9.

Nb «Ce Ba 4l ol sladnst Llie 53 5 esls 0L
@b IS5) Wles Sus & 5l Zr 5V Rb
Sle a5 Ll g o jezie cpl il S5 (6 aie Nb
30 e 0le L s L5sy S 0 Ti il oS
2 Nb Sus ool iy s Lo s SlS s
Sl Ol man sl (il 4 by e slalSe
s sl a4 s el 3L Jgmial i3 ;3 Nb ziy

100

1=

10 9

0l 9

001 T T T T LI e T
As Ba Ce Co Cr Cu Nb Ni Pb Rb Svr V Y Zr Zn

(YaA0 gaﬂ&a‘,)".‘.;)ui‘,)q)bku 6\.1}\; &5’!’ J.a\.'.ﬁ (b‘g ‘;l.a‘ 6\.&»\:..5‘ (a Ieﬁeyhj ﬁalla I(f)JS«’\'-

Figure (4): Normalized values of a) major oxides and b) trace elements of Sabzevar playa by the method (Taylor & McLennan, 1985)
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Extended Abstract

Introduction: Known as the dominant landform in arid and semi-arid regions, Playa offers the only evidence of
past environmental conditions in semi-arid regions. in other words, considering the fact that Playa constitutes a
region with negative water balance for more than half of the year and capillary properties close to the surface and
sediments, playa sediments are, in some cases, considered as the only evidence of past environmental conditions
in arid and semi-arid regions. On the other hand, geochemical methods are used to examine geochemical
processes, tectonics, and the origin of playa sediments, the most important aspect of which is to discover the
origins of changes in rocks, relief, climate, tectonic setting, transport history, and diagenesis. It should also be
noted that the Quaternary period is considered responsible for the escalation of eolian processes, desert
formation, and dryness of lakes, being characterized by drastic changes in climatic conditions worldwide.

Materials and method: Stretching over an area of approximately 120 km, the Sabzevar Playa is one of the most
elongated depressions in the Khorasan Razavi province in northeastern Iran. The Playa is located between 35°55'
— 36°25' north latitude and 56°15' — 57°45" east longitude, covering an area of 2648 km?, which is typically
classified along with Great Kavir and its surrounding playas (e.g. Damghan Kavir, Bajestan playa, Haj Aligholi
Kavir) under the name of the “Dasht-e Kavir” basin. In addition, seasonal hydrological currents flows in the
playa. However, according to krinsley (1970), the playa had been a closed basin throghout the Pliocene, which
has then been converted to a semi-closed basin under the influence of the fault activities.

The geological nature of the playa comprises of alluvial and evaporation sediments belonging to the
Quaternary period, including Windborne dunes, tertiary igneous rocks, and Cretaceous carbonates (dolomite and
limestone) which are mainly found in neighboring mountain flanks. Moreover, some areas in the periphery of
Sabzevar Playa constitute ophiolite sequences called Sabzevar ophiolites. On the other hand, while intrusive and
volcanic units are mainly found around the northern and eastern parts of the Playa, carbonates and detrital
sedimentary units containing conglomerates and sandstone are scattered along the playa, possessing abundant
outcrops. It should be noted that there exists a metamorphic complex with pre-Jurassic sedimentary sequences
near the western half of the playa, being characterized by a varying degree of metamorphism from green-schist
to amphibolite.

This study examined one hundred sixty air-dried powder samples to identify both bulk and clay mineralogy
using the X-ray diffraction (XRD) technique at the central laboratory of the Ferdowsi University of Mashhad and
Razi Applied Science Foundation in Tehran. Moreover, the major concentrations of oxide and trace elements
were determined via X-ray Fluorescence (XRF) method based on the procedure introduced by Abdi et al,,
(2018). Finally, the elemental ratios were, as major representatives of environmental changes (wet/dry periods),
calculated at surface and depth levels.

Results: The mineralogical results obtained via the application of the X-ray diffraction (XRD) technique and
scanning electron microscopy (SEM-EDS) method revealed that silica oxide, clay, carbonate, and evaporite
minerals were the most abundant minerals identified in the sediments of Sabzevar playa (Table 1). On the other
hand, the results of the X-ray fluorescence (XRF) technique showed that silicon oxide (SiO,) had the highest
abundance (between 39.8 and 45.5% by weight) among the main oxides identified in the sediments.
Furthermore, the amount of L.O.I (Loss on ignition) was 1.8 to 16.9 percent of the sediments’ weight in the
samples . It was also found that minor elements in the above-mentioned samples comprised of As Ba Ce, Co, Cr,
Cu, Nb, Ni, Pb, Rb, Sr, V, Y, Zr, Zn, and CI.
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No# 247 210 207 277 290 283 294 313 283
Depth (cm) oo 040 010 010 gt 0-10 0.0 0-10 o0
Illite - - - - 6.32 - 11.8 - -
Halite 2.60 19.20 - 2489 13.10 309 58 - 39.45
Quartz 51.90 34.04 37.80 26.75 2623 339 409 41.7 3241
Silvite - - 1.04 - - - - - -
Nontronite - - 386 844 - - - - 2.13
Palygorskite - - 494 844 530 - 53 - 2.5
Montmorillonite  5.60 330 3.13 - 7.55 - - - -
Hedenbergite - - - - 6.00 - - - -
Eastonite 4.10 - - - - - - - -
Calcite 20.80 12.31 22.60 21.81 13.60 22.12 258 40.8 23.51
Sepiolite - - - - 5.21 - - - -
Zeolite 0.50 3.10 - - - 12 - - -
Albite 1400 11.10 7.86 - - - 6 175 -
Cristobalite - - 17.76 - - - - - -
Dolomite - 220 - 741 - - - - -
Magnetite - 340 - - - - - - -
Halloysite - 7.05 - - 7.85 - - - -
Anhydrite - 430 - - 8.40 - - - -

*: all estimated values are approximate

Discussion and Conclusion: Taking the Fe203/K20 oxide values and the presence of clay minerals into
consideration, it could be argued that according to Herron's classification (Herron, 1988), Sabzevar playa’s
sediments are equivalent to wackes. On the other hand, compared to the values of the upper continental crust and
the negative trend of Na20 versus SiO2 and Al203, the enriched amounts of CaO, MgO, and Na20O oxides
could be attributed to carbonate minerals such as dolomite, calcite, and the presence of halite minerals in the
playa’s sedimentation environment. Moreover, the enriched amounts of Na20, AlI203, and K203 could be
justified by the presence of feldspars and clay minerals. It was also found that the high amounts of Fe203 oxide
in the sediments were due to the presence of magnetite. Also, compared to the playa’s other sediments and clay
minerals, the relatively small amounts of siliceous sediments were found to be responsible for the positive
correlation between SiO2 and A1203, the Si02/A1203 ratio, and the depletion of these two oxides.

On the other hand, the low values of TiO2 could be attributed to their derivation from intermediate rocks.
Moreover, the enrichment of the Sr element could have occurred due to the replacement of Sr with K and Ca in
potassium and calcium minerals, respectively. In addition, taking the positive trend of TiO, into consideration,
this study found that compared to Zr and Al203 and the ratios of minor elements such as Cr/V and Y/Ni,
Sabzevar playa’s sediments are of intermediate to mafic igneous origin similar to ophiolites.

It was also revealed that based on the lithology around Sabzevar playa and the geochemical evidence, the
Sabzevar ophiolite series in the northeast of the playa and the metamorphic complex in its western part had
played a major role in forming the sediments of Sabzevar playa, whose geochemical data in the original area
showed evidence of a dry climate. Furthermore, it was found that the sediments had been left in an active
tectonic setting such as oceanic to continental magmatic arcs, which is consistent with the ophiolitic origin of the
region and other results found in this regard.

Keywords: Geochemistry, Modern Sediment, Provenance, Sabzevar Playa, Weathering Index.



