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Figure 1. Location map of Marl Units in Zanjan Province

1 - Lower Red formation
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Figure 2. Location map of Climate in Zanjan Province
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Figure 3. Location map of Slope Group in Zanjan Province

G U glalnie g Sid des B SUES 098 93
Y dlsziJB) W) ‘_;S)L: Lghb»lg omadw 4ids g g9]o)n
s il Glassly wuldl g ol (gaog)S ool (V) (¥
bl 4 )51 550 @Bl g s 5 Ll STy, g5
5 Sl Dgee g 4 izgen g At SISy (e
d[&buﬁgbﬂ flzd\ dl).g wtn d)lf dl“’»b O
aid) oY aw opl ol 15 ey 9 3l L

LAy lg Yoo )8 slassly ass ArcGIS10

¥ Js3)

o pll iy
ol Sile slassly b ol maw o Gdos o)
Caslodd pls] (50 y0skiS” FFYA 390 Cnlis @) ()bg;
g sl ledbl (gyglaer 4 pludl Ll polaie ol (sl
dl.bw )| odliiwl L: U9 LX) u.,LJUm d"‘?‘“’
) oslgale gl ol il T sl iye0;
(e ozl g (G)le lassly 5 il 5ye Jyus
0 JS8) 28 gl Gile slassly 4t ans 4 pld
5 e AL ad 4 phl ()5 sladsly g Sl e
9 Joyd >V 9 Vor¥e o=V 09; dw yd L)] ‘_gJ.»JAAJo
(o2 ol (ijlogd (g a0 and) (il waldl 4l


http://dx.doi.org/10.29252/jwmr.9.17.193
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.17.8.0
http://jwmr.sanru.ac.ir/article-1-535-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.22516174.1397.9.17.8.0]

[ DOI: 10.29252/jwmr.9.17.193 ]

\ay

WAY Gl g 5l /Y 0yleis [ons Jlo 550l 0j5n o e doliimngsy

S8 sty
1- Em20Ar
2- EmSAr
3- MUSMe
4 Mu20Me
5- Mu20ar
6- MuSAr
7- OL20Ar
8-OL20Me
9 OL5Ar
10-OL5Me
[d  11-OM20Ar
H 12-om20Me
13- OMSAT
14 OMSMe
15- PL20A
16- PL20Me
17- PLSAT
18- PL5Me

& slassly ads -F s
Figure 4. Location map of Homogenous work unit in Zanjan Province

Shee Slles plosl b g el (U3 4w Jilis Joxe o
L (Eguan o)l sl UM.:Lo)] dy90 VY- Pl?ul & P‘.\Bl
» J¢> J;ls (S puro )L.u Ol)l.g oK AS.: )] odlasiwl

(B JS5) 25 )y

RET1 ) 1| 7 1y () G—
93l €940 g s palii algl

‘ <

Y e
Upper tank ——

%motor ! !
! -

Y

L R PR
All‘ evacuation ———=¢
- 4

I \\ Ad

oud)

iustable Leg
14453 3Ly

_?_!'

Couwg 5 (60558 CusBgo Jdody dolg ¥ asly Ve ol )

Ol & 058 (Vb )3 g @pe e ¥ 900) (Sl oS
3559 oy (Cudll dg2g Ll lwans oy )l il
2l ials aslg VA 4 ()8 sladsly sl 1Y sl

Glp) dads £0 51 o 0 LSS dw g8 sely g il all

Water inlet
Ol 8,5 5 Jxo

58
- Nozzel
<~— Nozzel plate

L 50 axdio

(WWAY (o5 5 5 olg) bl sl dud olSiws saims LS5 (slajisy -0 JSs
Figure 5. Rainfall simulator and its different parts (adapted from Vahabi and Nikkami, 2008)

Cusl oo A ol Jgb g ol /55 A b &S
i M0 3005 3 o plSin > i iy e )
ol bl sy o o YIE il jlad oIl lawgio ol
4l e O/ d9as > iU S 5l eplad ool )y
2 °)]9"‘“’ ul)JaB dSv.:] d‘)’. (\c\“) ul).\.e(a 9 L;gl.tba MLUA
gaw S Mgy g Ngds as) (e g9y ol abali S
Sl Sosdl ygise oy Gl el s 1) (0
A 0l Sl gl i 28] ol oS s
Sl b gy xSeilul sl cusle slag e
Ao Ve g0 cad g b pl Nud s Sl oo
At (BLS Jbg 386 5 (gl4B)5 (o)lud g4 5 Gl b
oled S Cugbo) Bld 5l LSy byl sbonl jolate 4

oS 50 o 3 ozl 3,90 oyl s olSzind
Al & S pipe Sog Vb 53 et e S5 &
Uy SoeS pee Cwloss S """ ok 50 e IX)
& S e by, s, ’gl Jlid pihass el
Caolodd dpmd e o plosl ol s Gisu 1 )b

Y e b eo o] b i
A cales b oW (wSh b b g9 5l lagyje iz
Jsb dhel 3 badsjs alols il oo S 5 &y 55 yia e
I egeme nlply il e dee A Sleghl oye g
Yoo oz o)led gyl o sl e dae VPR s,
ol & g bl o e < /55 laaije) b g yie il
Ol W owwl o de A i3 WS cubus o
Sogb 4 85 Hla Sk sladg) g5 1) Sleglhl

1- Plexiglas


http://dx.doi.org/10.29252/jwmr.9.17.193
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.17.8.0
http://jwmr.sanru.ac.ir/article-1-535-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.22516174.1397.9.17.8.0 ]

[ DOI: 10.29252/jwmr.9.17.193 ]

VA

5 Yo 50 3 csly pbPL (g 3Kl oyl ,) PLSAT
PL20Ar (gla sl s o LBl Me 5 Sis o L8l Ar
Ul £8,8 oo oVl gl)s PL20Me 5 PL5Me
o=l 2Ll g9y el 500 O)lue a4 dm i
a3 Lol ol 35 3y90 55 bl oles aly
MU20Ar  MUSAr) oYU 56,8 Gisee 5yl slassly
OL20Ar OL5Ar) zsl, 4 (Mu20mey Musme
Jfe oy yseS gl ) b5 ) 51 (OL20me 4 OLSme
5 Cywosks 1o lg & G Qg sl cpl o by s
GUlg) poe i 1P JSi) abie Ol Sa o
@l o g b ()p 090 (G)lo glasaly bwgi sy
bl olRiws diwsds Gislosl pbl 5l osel cawaay
oo (MU) (YL o33 (S)le slassly cusp & (o gian
o ey gl (OL) (8l 58 5 (EM) (g
ole slassly g @pepie 3 g Ve (1Slo oo L Oy,
L o po> (508 (PL) sy ke 9 (OM) o3
(P JS8) adl o mpe po > il G
3985 Bos Olie Slloy g5 ) 5o Jelpe 5l K> (S
= Al (Ghle laely oy pl 53 9 SB > O
2 ol 2985 ade (655 6500 5l odel Cavdds glaosld yoll
5 (PL) sy S)be loasly ciyar (V o) SB
4 3585 4l de oy i sl (OM) o8 Jjle slassly
YL 3 G)le laasly g e Bl W BTV ke
€ls (OL) 28y 53 o (EM) (sl o (M)
ol o il O/D B'Y dgas )3 Dga jlde oy yiaS

2l gls s b b)) o Gle slassly (g
slaasly o a0 (L Mg Uy cups 5 o
b gbdl b 4 ey Gl ) 58 ploj &7 Sl
e g oVl Ll )3 Ollyy g9d ploj o2 )b
(P y Lm.\>|9 );L.u & Cumnd L?(‘ )l o J.Jy uUa)
Ol gl by Gy 53 5o Jolge alox I il
Sy pskay Cwlaasly pl 0 ey g e Gl b
b opae o a5 il YU gl p0 dgm g o a0 jai
Qlo)‘ s O.;.] PN l.m.x>|5 L};.I 2 g_j u.\> kAA.L’lB Oy r°5
205 les Vb g Qlly) oo g oy Sy g9,
slsly ol cunsy sdimy i & (F) Jods bl
cil s Sl slaisly i wl adllas 3,50 o
P& bl pyd (o) oo b oy e g9 51 SB
oo @ bape Slghd wop upuin il gy
sbasly ogasn 5 S)lo sbasly Qb g Wil
8 555 (OM) o sla 3515 (MU) (2L 35 ke
@ Cod (il S gl> (EM) gl ()le 5 (OL)
CE L st b g ) (o gl SB el Koo spn 9
O peS Glls aasly (s o 3 gl (V) g
o od My Sllyy e cpyide g Sllyy 908 (o)
3k

b gl (Gole (ol 5 Gllgy 35 (line y waldl g cond (B )Sga55 50

29 WAL Jlo ole (63 Jol U jp0 o ol dlmuiilpﬂ
@ .cd)8 Oygo inlejl loj 0 SB g Sis bl
loodlsy 3o Ltalefl plul 5 S ole aw b &S (gyob
S 655 g dleia pulidlgn sloolSiu) (S,
T Cagby olSuwd jl ool b 2939 il b dg ol ploo]
Dialei] plogl 1 LS S g, (6ol 4 plél TDR
Casby olie EMBT s Lilefl oS5 Sopm
A g0 u.wl.n)] rabp’l sl e ) u_,bwl 73S L;Lm»b
Sl 5l ool b i)l s s (gl g0 I3 ime g o
diels w53, @05 ool slive sloolSiuy] S5l
A5 Dyl el )3 yia o YF (Jlo Vo cuiSboyg b
Slhogad & a9 b o8 5 ol (Sl slasely Ll
ol b ol il 4ed Gialel o Ll lerd 5 (S50
SIS oS 5 ) 4 dag b 1 3,55 g U, ok
Sglite J)le slassly 1S pliond 9 (Sojd ¢ lid
2 &Sl b asly ilal 1y )b ad i gynl jl cul
ploi ol o e 4 el 0 o Lo &0 )L Gl
Ol Wdges Qllgy Mg (yn 3)90 (Sile sl
ao b ol il 4t Linlogl il s ol b el
23 b bl G lassly SIS ey LSS
05 plogl ) loloea ¢ o, Sojl8l islo]
FogigyS jl edlisul b Clly) g9y (loj =)
Sllgy IS xSeilul g spglaes @il 5l Uy oo Y
Silef e oo 33 1y
sosly wlwly (5,8 slassly Cllyy cupd duwlxe =Y
’ ialosl &8 Slasuie g Ll e
o 5 el pe il alolia, 5yl ol plasl 5l ey —F
2 0 Gy 4 P8l wad JelS e85 sl b adly 5> &S
b Sl eolatwl b g o (60505l <My 5l dai s
sl 4 b 3585 Glise @38 NS Sl 53 5 35> (1S
2005 (6pS0lnl Ol 3485 Gas

3 e elos o lalyy o)lel g 38> yp sl
S slainly Gy > aaSeS b ledbl (clagY
15 o3zl SAS JI5bla s 5l Ly 3p90 Sole (slaisly
e o)yl odelcws 4 glaodly jlaie oy
13 545 SAS 4l Laoms 3 (1 Jgie) )15 (slassly
s b 5 a5 gy ) osital b aaby (ol
e 6 5 JoygS6 ulefl sy 5 (GLM Model)
oSSl polie awglio gy 5 F oygefl ¢ dalay SIS
28518 2yl 2)5e gl (oSS

)5 saasly 5> sy SUly, poes
slag,Sojlasl 5l eaolccwday gla ooy wlawl
s(\ Jﬁ_\_'>) oy .))90 L;)L{ ‘_gLaab]ﬁ 2 ;‘;Ub) UJ‘)DUo
J.Al_w u—*’r’* u_v')La L51.:».,\_>|9 d‘)‘-’ d)u dl.m_\_>|9


http://dx.doi.org/10.29252/jwmr.9.17.193
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.17.8.0
http://jwmr.sanru.ac.ir/article-1-535-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.22516174.1397.9.17.8.0 ]

[ DOI: 10.29252/jwmr.9.17.193 ]

Vaa

WAY Gl g 5lee /VY ojloud /prs Jlo 550l 059> Cu e dalitingy

S slaanly 53 b sl and bl @l -V Jois

Table 1. The results of the experiments with the Artificial Rainfall Arrangement Unit
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Table 2. The result of the analysis (Comparison of the effect of effective factors on runoff volume)
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Abstract

The most important factors affecting soil erosion and runoff include climate, soil
erodibility, topography, vegetation cover and land management. In this article, an assessment of
topography, slope and climate effects on the runoff production within marly lands in Zanjan
province by using an artificial rain simulator. In this regard, by overlying slope, climate, and
marly units of geological formation maps, by incorporating a rain simulator and an overall of
220 leot_s were tested. Data, collected from field operations, were analyzed on the basis of
Randomized Complete Block Design with Factorial Treatment Structure. The upper red marl
units (Mu) has the highest volume of runoff With volume of more than 20 liters per square
meter marl and marl units Pliocene (PL) The minimum With volume of 1 liter one liter per
square meter respectively. The Pliocene marl units (PL) has the highest infiltration rate of 12.5
cm and lower red marl (OL) had the lowest infiltration rare is about 2 cm. The F-test results of
Marnie units on volume and run-off coefficient were statistically significant, while the effect is
not significant for the slope and climate on these two features. But in cases of double and triple
combinations of these three variables in all cases have a significant effect on runoff generation
and runoff coefficient. Statistical data analysis shows the significant effects of the Marl units,
Slope and climate on the volume and run-off coefficient (p<0.05). Marly unit can be classified
in to four groups, based on the Volume and run-off coefficient, so that Marls of Pliocene (PL),
Qom (OM) and lower red (OL) are in a separate class and upper-red gMu), and Eocen (EM)
Marl units are in a unique group. Accordingly, it can be said that the four groups differed in
volume and run-off coefficient are significantly different from each other. The results of the
slope and climate effects on these two traits showed significant effects on volume and run-off
coefficient of the marl units.

Keywords: Homogeneous units, Soil Erosion, Volume and Run-off coefficient
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