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Abstract

The study area includes the Neogene alluvial terrace units of Birjand city, which are composed of conglomerate, sandstone and
mudstone deposits. Field and petrographicstudies of eight alluvial profile sediments were carried out to investigate the provenance
and sedimentary environment. Petrography of the conglomerate gravels shows the presence of all types of ultramafic and
intermediate igneous clasts (intrusive and extrusive) along with sedimentary rock fragments in these samples. According to the
modal analysis results, the sandstones are divided into two categories of sublitharenite and feldspathic litharenite and belong to the
recycled orogen and mixed magmatic arc tectonic settings. These sediments were probably derived from the exposed and weathered
sedimentary, igneous (intrusive and extrusive), ophiolitic and, to a lesser extent, metamorphic rocks. The interpretation of the
depositional conditions of the Neogene alluvial terrace is based on the analysis of sedimentary facies and the vertical and lateral
facies changes. The facies changes and the various architectural elements show that the above sediments were deposited by a

shallow proximal gravel-bed braided river.
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Introduction

The provenance study is an effective method for identifying
the types of sedimentary parent rocks, reconstructing
depositional conditions, and determining the
palaeogeographical condition of the source area. The detrital
sedimentary framework, particularly the sandstones, and their
mineralogical composition are sensitive to the natural
processes and tectonic environment of the source area.
Therefore, the method of useing the composition of detrital
deposits to determine the tectonic nature of the source area is
widely used in basin analysis (Yuan and Wang 2016; Hauhnar et
al. 2018; Chima et al. 2018; Baiyegunhi et al. 2020). Thus,
petrographical analysis can be used to understand and
reconstruct the depositional history of ancient sedimentary
rocks. Identifying the vertical and lateral facies changes and
architectural elements of alluvial deposits play an important
role in the interpretation of ancient sedimentary succession
and help to reconstruct the pattern of ancient channels (Benito
et al. 2023). The objectives of this study are (1) to analyze the

petrographic data in order to identify the components that
make up the detrital sediments, classify and infer the tectonic
setting and provenance, and (2) to identify and analyze the
sedimentary facies and present the depositional model.

Materials & Methods

The field study of eight Neogene alluvial terrace profiles is
conducted in terms of textural characteristics and sedimentary
structures (based on the field criteria of Stow 2005), and the
lithofacies types are separated by textural characteristics and
structural, geometric shape and boundary surfaces are
separated according to the classification of Miall (2006,
2000). Gravel clasts of conglomerate facies and sandstone
samples are considered for laboratory investigation. To study
the petrography of the gravel clasts of the conglomerate, 200
clasts were sampled and their microscopic thin sections were
prepared according to the method of Stow (2005). Modal
composition and textural analysis of sandstone samples were
also performed on ten prepared thin sections. The percent
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abundance of major sandstone constituents such such as
quartz, feldspar and rock fragments, as well as accessory
minerals such as mica and heavy minerals, and cement, is
determined by the Gazi-Dickinson method (Gazzi 1966;
Dickinson 1970; Ingersoll et al. 1984; Zoffa 1985). Folk (1980)
compositional classification were used to name sandstone
samples. Existing standard comparator charts are used to
check the roundness, sphericity and sorting of grains (Powers
1953; Tucker 2001) and the size of the grains is also measured
on the Udden-Wentworth classification.

Discussion of Results & Conclusions

In this study, the provenance and sedimentary environment of
the Birjand Neogene alluvial deposits were investigated
based on petrographic and field data. Microscopic study of
the gravel samples of conglomerate facies shows the presence
of ultramafic, mafic and intermediate igneous rocks (intrusive
and extrusive) along with sedimentary rock fragments.
Petrographic studies and modal composition of sandstones
show that the main detrital grains include quartz (mostly
single-crystal quartz), feldspar (mostly plagioclase), and rock

fragments (mostly sedimentary and volcanic rock fragments).
Based on petrographic data, igneous (intrusive and extrusive)
and sedimentary rocks along with minor amounts of
metamorphic rocks are the parent rocks of these sediments.
Furthermore,, modal analysis of the sandstone composition
shows that the tectonic setting of the Neogene sandstones is
recycled orogen and mixed magmatic arc, and these
sediments are the result of weathering and erosion of
sedimentary, igneous rocks and to a lesser extent
metamorphic rocks. The facies analysis of each profile based
on grain size, textural characteristics and sedimentary
structures shows that these facies are placed in three facies
associations:  conglomerate, sandstone and mudstone
lithofacies. Several field evidence such as the abundance of
coarse-grained gravel facies, the low thickness of fine-
grained flood plain sediments, the large number of finning-
upward cycles, the erosional base of each cycle, the vertical
and lateral changes of the facies, the presence of sediment
gravity flow deposits and the presence architectural elements
are confirming the deposition of these sediments by the
proximal shallow gravel-bed braided river.
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Fig 1- (A) Map of the sedimentary-structural units of Iran, with the location of the Sistan Suture Zone that
marked with a black square on it (taken with changes from Motiei (1994)), (B) the geographical location of the studied

area (taken from Bakhtiari (2019)).

S Ol 555 e Oy (and Le Dortz 2007
Sla e Dol s &Sl Ul e SOeSS IS
5ol ol kSt 5 okl slay S L ol 3 ,s
568 Ol GBSl b (S e 0 ) e B
QA S (Walker and Jackson 2004) .S e i) deda
ogie SO L anl S LIl Sl a8 Ol 55305 O35
oo 6 ol o iy Bl S 5 ekl
Dl i Gl eld 4 syls (ledamy b
rmer 5 SWVL 5 GleB s, (sl laes s
Camdy b oS Sl S5 5 JK0 oSl o a Bl
Camp and Griffis 1982; Sengor ) il sl zeie O b
SISl sladsly Jold oy &G (et al. 1988
Shatig D)pon 45 Sl X e ed 52 055 B
e dled sy b (RS 5 (Saile (IS8
Vileeeee b A58 53 30l Dsety (B0 g
Ng® ob L a>ls nl (Eftekharanejad 1986) o .

;ﬁ.uél.h.l?\j “7"-:":’;3 S ol S ol o.).,iu.aédm

Glaesls w5 4 (1) 3l Blobe aalllas ol Cilutal
SRl SbEas s Sl bl SIS
Slgwy sl |55 il plulid ) sheay adanllas
bl (1) 5 (S sS L zleaal 5 gluadh (oo 5
S sy Jho BLI 5 oy slaoslesy LT

B Bl gty

shdanllan (g gm) lag o 5 (pee (B )
Ll Sl 33 o oS Conl SO S o) S dilats O ]
Lol K ool ol sl Bl w53 e s el o
055 3 SIS slaesSans; (S 5 (58 IS
S B P ] P PP SO I N JOUNS
O LT IO PSSV
Lo pkor Oddai., (Berberian and King 1981)
Jlh 5wl s Al s SbS iy eS8 LS
300 s 033 O 2 e S5 L sl S
Meyer ) il ol o Sy 5 3L 50 (SSZ) Ol

d https://doi.org/10.22108/jssr.2024.142776.1296


https://doi.org/10.22108/jssr.2024.142776.1296
https://doi.org/10.22108/jssr.2024.142776.1296

VEF Uslosled QAL o)led (0S5 5 Jor Jlo ¢ oalitio sy 5 )00 sla s, \ig

S s Faes A Bl 35 ge SIS 1 501
S ol ok Ozl ble 3 050 Bl glaaiy
A=l o v‘<“” Slao by 4wz (sloals sla
315 Slagas Cabis (Y JK8) ol 635 i |y
3 en 53 G Y/PY g jsba) e ¥AA L e V/PV

(¢ USE) el e VO g,;da.ﬂjwjbﬂf_w)\

GLbl Sals S gladsly Lliy o |, 5 euds
Slgmy 5 el gladsly Jold sddandlas 8550
st S (g B ey ABS e b 5
s 3 SHls s 5 03y Bl s 5 sl
by 5 a8l Jols 51 glaaig ool 50l
Gt (Ldr ol il (et 5o claasSl

Sl e gl ol s s glanle lads 5wy (Sl

591845’

32’5922

ok i e N

@ Rt Recent allivium
o Young Terraces and gravel fans
&

| oo s gt

e ‘ Coaglomersie.

Quaternary

INeogene

Ng®  Gypsiferous marl and Tuffaceous marl

Basaliic andesite

Volcasic breccia, tuf breccis, agglomerste

Paleogone

i s i
Rt
Sandstooe, sandy limestone, shale, phyflitic shale,
Bt il
it s o
Doteistee s
e, st P v
S S
| e
s
vy

Upper Crataccous

250 Barometric elevation in meters

Qunat (under graund cansl)

32’50 30°

- [
\ Mie
R Strikeline -
Ore indication _— _"
— st S
Fossil Jocaiity -
Thirdclamrt
Vil -
e o e Moweti Tk
IS} P
—
E59 16 30

59°11 00E

32°53'55'N | ap”

0N

32°5355'N

32°5228'N

m Ng Conglomerate
Recent alluvium

1O * Young Terraces and gravel fans
Kavir (salt flat) clay flat

City
Fault
e Road

Barometric elevation in meters

The location of the teraces

0 _15km 3km Bkm
PR —

32°5228'N -
59°11 00'E 59°1630'E
Legend
- Ng” Gypsiferous marl and Tuffaceous mar|

B3 gdmme Dbl (K gladaly g Aoz b 05585 (BT SLatig 51 edd Bl (g gy F et A Cardge Y IS

Ol i b of o (Eftekharanejad 1986) d o V:Ve v oy culidpw) 238 51 4 ) eddasilas

Fig 2- The position of 8 selected sedimentary profiles from the Neogene alluvial deposits of the
Birjand Plain and rock units around the study area (a section of the 1:100,000 geological map

of Birjand (Eftekharanejad 1986) with changes

d https://doi.org/10.22108/jssr.2024.142776.1296


https://doi.org/10.22108/jssr.2024.142776.1296
https://doi.org/10.22108/jssr.2024.142776.1296

v

S e 5 S $rE e

(LS')"} QL.A‘J;-) J.}ﬂd,.&buj}:; &f?éuwdy)hcmjol{hb-

5m
S)OOéé OoOé)oc
0 -0 0" 00 O
%0 5900
pb.oo~00%0
o ~O©°_ ~O
4m J O_O,\ O_OA 41 Gmm
bookz,\oookg
HogkeXonk
o 25%03S
3m @) nd 10) nd
@

P
0.25m
0 ! S
T . . >
T [
=] c >
= 2 2
00> "0 %~ o)
[e]
Dooo Doooo Oooo Gmm
O°0
Q0O
Sm
o8
Gem
) - o
" 150 Q
S S Gh ==
@)
im
O
Q e—
025 Gh |/—=
2 mI S
° —>
° ° <
3 < >
= 3 g

Terrace 1

Terrace 2

L o Cuds 0548 u:é,ﬂ SLaig sy CNA sl e polas ¥ JS..:
Fig 3- Field photographs of Neogene alluvial terrace sedimentary profiles of Birjand plain

d.

https://doi.org/10.22108/jssr.2024.142776.1296


https://doi.org/10.22108/jssr.2024.142776.1296
https://doi.org/10.22108/jssr.2024.142776.1296

VEF Usto)les Al o5l (oS5 5 o o (b sy 5 S sla 2053,

YA

Gecm

(o)
0800008000

0.25m

Terrace 3

OOO
q
40 4
Ol
Gem
g
(o] Ol
3'— N N '~
@
e
Fm
Gem
(] o]
1.
O O
0.25mI 5 J Gem
0
i T
k-] k-] 3
o

Terrace 4

d https://doi.org/10.22108/jssr.2024.142776.1296



https://doi.org/10.22108/jssr.2024.142776.1296
https://doi.org/10.22108/jssr.2024.142776.1296

AR L;"ﬂ“‘:““}d)‘i}é"é}*"‘j‘ﬁf (Lfydb‘f)J&ﬂ@&bd}}b&f?éhwdy)hﬁmjomb-
Q Q
4
0°700®
oh =
O
3 QX
(o] (o]
Fm
Gem

()
X\
o
°

0.25m Fm
|
T _l
S
LT

Terrace 5

A

wie,
)

o
~.ms...g

Terrace 6

¥ USS wlsl

Continuation of Figure 3

https://doi.org/10.22108/jssr.2024.142776.1296



https://doi.org/10.22108/jssr.2024.142776.1296
https://doi.org/10.22108/jssr.2024.142776.1296

VEF Usto)les Al o5l (oS5 5 o o (b sy 5 S sla 2053,

30O
S Gem
Q Q
0! ( dGh :___
2.
e FIl =
Gh ===
@ O
1 Gh ===
O (o]
o Q
y O
0.25m Gem
|
(o]
o o ]
o

Terrace 7

091 Gem
Sm

H%QgﬂGcm

Terrace 8
A JSJ‘- dalsl

Continuation of Figure 3

d https://doi.org/10.22108/jssr.2024.142776.1296


https://doi.org/10.22108/jssr.2024.142776.1296
https://doi.org/10.22108/jssr.2024.142776.1296

n S e 5 Sne S5

(s Ol 2) diim o s 0358 2l gladiig oy s 5 olSzuls

A LSl Sy b (S8 ol gl
Bl e o5 SIS 5 Kimes 5 5 Sl (5518
Shesliad b Ol 3 5 SBlad 5 S K gla S8
Gazzi 1966; Dickinson 1970; ) Gazi-Dickinson %5,
$Hoail .l ol ol (Ingersoll et al. 1984; Zuffa 1985
5 edkdaallae sl Kanle sas |85 w5 sl
el ol LY Jsdr o T Slol s Aoy 5 ) s
S5 sk Sl (Sanle gladised IISL sl
ol 4l 6 ax 5 b .l ol oslized Folk (1980)
Gl Sy e Glr me s ool ) gl
5ol oS (Sad S ey sl Wl
Powers 1953; Tucker ) 54> g0 slacu b= 31 S, e
Slad s sdias |05 gladils 3100 5 eslazal (2001
Glail alal b ed £33l 5 (g So3ll 55 (Sawanls

Lleds gdues, Udden-Wentworth

aadllas ool 5508 5 LIS B,
Sldls Sl eSS gy Fied Al alllas
s 8L Slolamtl byl (F K2) 058 ol
SOW ol e lasbas b 5 cses SOkl
G sty S sl plsl 5 el (2005)
5 ke K8 Dl e 5 Bl Gl Sy el
o 5 Miall (2000, 2006) (stues, 3 oS, puaes = sl
5 eSS Gl oS ol mleds SSE
s AT e sea Swale sl sl
Shedal S olalad S 5 3185 5 dxlllae (gl Lled a8 S
s G aslad Yoo sl eSS S slaesls
w5 S gl &g Gl s b e e Stow (2005)
sl 0 e3le]

52 SNwanls gladiged BL s 5 Jlage oS5
Sl Aoy el st plail sdbag S3U cais Ve

(Dickinson 1985) s 5u slas g gl oo el )b =) J g

Table 1- Detrital modes of framework parameters (Dickinson 1985)

A Quartzose Grains (Q= Qm + Qp)
Q= Total quartz grain
Q= Monocrystalline quartz grain
Qp= polycrystalline quartz grain
B Feldspar F= (P +K)
Grains F= Total feldspar grain
P= Plagioclase feldspar grain
K= Potassium feldspar grain
C Unstable Lithic L= L, + L, Lithics
Fragments L,= Volcanic / meta-volcanic lithic fragment
L= Sedimentary / metasedimentary lithic fragment
D Total Lithic L= (L + Qp), Total lithics
Fragments L= Extra basinal detrital lime- clasts (not included in L or L;)

als 5 olzdy S5k g 5 2 (S Sl Olakas
Sle sl 53 Jsl S wladad 53101 0,8 e 18 ol
RS el pame e Sl T sde B e Je V51O
sV s JglS 55, s Udden-Wentworth sauailb &b

B ity bges Jol S olakd 1,8 o 13 5,

PRy gably w5 Con

st 1 sie SIS 5

sddandlas 5,0yl sLKiw il

g5 3 ke eddaddlas AU s eSS glae s
Slalp Cad JlGE Ll 05 s S b

d https://doi.org/10.22108/jssr.2024.142776.1296


https://doi.org/10.22108/jssr.2024.142776.1296
https://doi.org/10.22108/jssr.2024.142776.1296

\F.FJJ“’JL“;’A/\&E"JL‘:‘"(’QJMdu‘&“u“.‘}“)}s)&%’;duﬂﬁk Y

5 (FE IK2) <L (D JK8) glads 5L (YC
arle gl g8 xal L s (FF S2) L el
Ll gals ezl Aliyss s eSS WS L e
(O0A 1K) u;i)',d [ SO S P PR T (R P Y
Llg b5 OC JK5) s 5 OB IS8 zsul S1s
Mol Slowdlls IS 53 Ogzr oo SIS s> b S
Jolo 55 s Dkl L edalie dlSyse
Glawls Sal 5 OE 50D b [K2) Svanls glaes
GOl O ! ssem LS aes OF K3
O sl s L S Sl IS SN

Ll g bl

b Kianle G155 5
S S Gluo b el 5l sddanlas glaKwanls
sl Ll 1Sas Jb Ol 5 Ol o3
Ll S Slaes = 5 Slwddd 5518 el slec el
5 oS LIKe lld o3 b S - s
Laals c Olosws 2,08 5 Olas K b S (s
D S 5 sbOkeas ol 4l (LandS) €Sl S Olapes b
2 bl o 55 Gl gluanes i S5l
o ol 1Y g o LT Slsl 2 5 ) Jsas
el ke el GBS0l sls
Goshlir 5 GG SIS wldadlas gbSanls
o dllas cpl sbadisel 55 Q) S 5,18 e ol
ke (Y Jsd) Gl xS 55 Ao sAVYY B YANA
Sladised 5o 55k Lo 5 S bl SllE A
Jsd) Sl doyn Vo /Y0 5 ONVAY C 5w coddanilas

Y

Gl b (Saas o8 5l oldd IS8 5 eds Ses
Slaosles; 53 Slabd Suiy e cl i s S
sias LS55 3 Sl Ll s e K8 S
B Groghoe */0A) s st 5l el vy b Kisanls
V¥l ba) Guake VAY) wlboiiys b
s U ohege Sadser Sl Lk s (el
odds Saas U Hlsashaes iy badls JS& 0505, 5 5
Sl woam g bl sl Cos S oy xin 5 ol
Klodds Jlosw s jsbay Svaule glaw g i
05 el 5b 3 Ol g J slad g s G55 slad sl
5ol WSl e oy bl dawses S ok
L.l vja"' 5 laass Cf O i gl e la eles
oo OB G s bl She 5 S8 4 4 s
B Fsk 5l Sl ol el e sl 53 S Sl

e U szeole A o

2 P IKS o, ls ;) 3 Jol § ol S 5
b edandlas AU e S o ged 4SSl 4 a5 L
S e Bl el susle Sldss (WIS
5 (Ll a5 Sole (bl I 3T Solaka Ailg gize
L;:\JAJKS LsLAD)Lw}J DL dl)‘f CJLL]G_; ‘LLQ.})‘ R s
Gladsly 5l eddcils p &adas Yoo 0 5l LIG8
o3l Sladas BT AT gl i ol eSS
SPSERUET RN WSS DRI O PR BN WSS (A S S W]
o3l Slakad a Sl gy Slakad Ao )30 5 Lanl
Gl S8 sam Lokt b i SGbl I
JS2) 58 cladas ol Sl 3T lekd (B 5 YA

d https://doi.org/10.22108/jssr.2024.142776.1296


https://doi.org/10.22108/jssr.2024.142776.1296
https://doi.org/10.22108/jssr.2024.142776.1296

Sl 5 S ke S35 (s Ol 2) diim o s 0358 2l gladiig oy s 5 olSzuls

o glulid Sdle 5 Slel DI o ,3T Iyl 8 olakas gl 51 XPL ,5) g g8y Koo sl -F S0
Sile aadas (C) ¢ 5 plS Sblo o ;51 akas (B) toks iy bl A1 0,31 olalas (B) 5 (A)
L AL st D) 5 (PY) S5 ,m 5 PD 53 550N e S5 L ol jor 5L (D) ¢gladed <I3L

(HO) ads )38 Jgmial 5 P 3N 5350 (5,5 sl sk

Fig 4- Microscopic images (XPL light) of the identified types of ultramafic and
mafic igneous gravels, (A) and (B) serpentinized ultramafic igneous fragments, (B)
gabbroic mafic igneous fragment, (C) glassy basalt mafic fragment, (D) basalt with
plagioclase (Pl) and pyroxene (Py) minerals and (D) basaltic andesite with
plagioclase (P1) and hornblende amphibole (Ho) porphyry crystals.
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Fig 5- Microscopic images (XPL light) of intermediate igneous and sedimentary
fragments in the studied deposits, (A) andesite with porphyry texture and
plagioclase (P1) and hornblende (Ho) minerals, (B) fragment of thearchy andesite,
(C) diorite, (D) sandstone sedimentary gravel, (E) sandstone gravel with coarse
pyrite crystals and (F) fragment of sandy limestone.
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Table 2- Modal composition of the sandstones of the study area. Numbers are expressed as percentages.

Sample  Qn Qp Q¢ K P F L L, L=L,+L L= Qp+L

N.

S; 7843 9.80 88.23 0.39 1.96 2.35 5.88 0 5.88 15.68
S, 73.77 984 8361 328 328 6.56 9.84 0 9.84 19.68
S3 7368 7.02 8070 175 175 3.50 1404 1.75 15.79 22.81
Sy 63.83 1064 7447 638 851 1489 638 4.26 10.64 21.28
Ss 58.14 6.98 6512 465 1395 18.60 11.63 4.65 16.28 23.26
Sg 62.75 9.80 7255 392 980 1372 884 4.88 13.72 23.52
S; 60.87 652 67.39 652 870 1522 1187 552 17.39 23.91
Sg 48.65 16.22 64.87 270 16.22 1892 981 641 16.22 32.44
Sq 40.82 1429 5511 6.12 10.20 16.32 18.33 10.24 28.57 42.86
Sio 2727 1091 38.18 9.09 18.18 27.27 1691 17.64 34.55 45.46
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Fig 6- Microscopic images (XPL light) of the studied sandstone samples constituents, representative
abbreviations: Q,, monocrystalline quartz, Q, polycrystalline quartz, O, orthoclase, P, plagioclase,
MRF metamorphic rock fragment, VRF Volcanic rock fragments, Sand sandstone rock fragments,
Silt siltstone rock fragments, Ch chert rock fragments, CRF carbonate rock fragments, Z, zircon
heavy mineral, O, magnetite dark heavy mineral, Mu muscovite, Bio biotite. calcite cement is
dispersed between particles. The high abundance of pore spaces between particles is due to their
looseness.
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Fig 7- Microscopic images (XPL light) of the studied sandstone samples constituents, representative
abbreviations are similar to Fig 6.
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Fig 8- Plotting the percent abundance of rock framework grains in the Q-F-RF triangular diagram, taken from
Folk (1980).
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Fig 9- The results of the point-counting on the Qt-F-L triangular diagrams, (A) Dickinson (1979), (B) Dickinson
(1988) and (C) Dickinson et al. (1983)
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Table 3- Identified conglomerate lithofacies in the Neogene alluvial deposits and interpretation of depositional
conditions (facies codes taken from Miall (2000, 2006))
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Table 4- Sandstone and mudstone lithofacies of the Neogene alluvial deposits and interpretation of depositional
conditions (facies codes taken from Miall (2000, 2006))
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Fig 12- Architectural elements of studied alluvial deposits
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Fig 13- Proposed sedimentary model for the Neogene alluvial terrace deposits of the Birjand Plain (adapted from
Miall (2006) with modifications)
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