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Characteristics and Development of the Debris Flow Fan
in Dalancha Gully Beijing
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Abstract Debris flws occur frequently in them ountain area of Beijing Through detailed data collecton and field nvest+

gation thE article sudied he chamcteristics of he debri§ deposition fan of Dalancha gully Tt show s that the fin fom a-

tion bears upon two debris-flov pwocesses the primary waterstone flv made the basic configuration of the fan and the

second viscous flov changed rem atkably them oiphobgy of the fam The evoluton of the fan i Dalancha gully is sign ificant

ly nfluenced by them amstreams of Dalancha gully and X b inlan raving the exterir of the fan can be dwvided nto four

parts I 1] Il and IV. Part I 1] 1II represent chamacteristics of the viscous debris fbw, and part V presents the prim ary

water-stone flow. The manner distance and ewsion intensity of solid matters is different between the wo debris-flow

processes The size diections of array and the roundness of gravels i differen t parts also reflect he characterstics of wo

debris-flov pocesses The resulis will enrich theories on suudy of debrs flow n BeijingM ountain and provide data to the

m itigation of debris flow in BeijingM ountain
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1 Introduction

The geanoiphobgy of p ednont changes greatly in
the shortduratbn depositbn processes of debrs flow
(Tang Chuan 1991),
debris flows can be deduced frum momphological devet

and the dynamical process of

opment and deposit feature of fans The study of debris
fow deposit fans attractsmore nternatonal efforts and
especialy n Jiangjia ravine Cha is systematical i+
clud ng triggerng ( Chen Jig 2005 Tian Lianquan,
1991), physical and chemical canposition of deposits
( Luo Guisheng 198% Lei Xiangyi 1987).
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Debris fbws occur frequently nwestmountain ar
ea of Beijng and fans are a pran nent landform of
1996). Debris fbw
occurred in D alancha gull, Fengjiayu Town M yun
Beijing n 1939 (Zhang Kapng 2004),
fom ng a typical fan at the ntersection of the mouth of
Dalancha Gully and the man channel of X bailian ra-
vine we sekcted the deposit fan as he study ob pet

debris flow deposits ( Cui Zhiju,

County,

though detailed data collection and nvestigation of he
conditions of physical geography of the watershed
Dalacha gully and the characteristics of the debris fbow
deposit fan and try to exp lain the reasons of character
istics and the evolitbn of the deposit fan which can
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benefit he basic research of debris fbw fan and the
m itgatbn of debris fbw hazard

2 Study area
Dalancha gully N40°39" ~ 40°39, E116°51 ~

116°52]
Town M iyun County,

is located in X bailian raving Fengjiayu
Beijng and the fan n this
study is at he mouth of Danlanch gully which nter

sects w ith the main channel of X bailian ravine

Location of the fan

Fig 1 Genenlviev of the study area

2.1 Geomomphobgy of thewatershed
Danlancha gully,
Y anshan  is dam nated by m iddle-bw mountans
which is of sngk-nclined fault bbck and intense de-
nudatbn The absolute elevation of he highest point is
910m, and the lowest pont522m at themouth of the
eully The average degree of the slope is 33.27°, and
he average gradient of the channel is 18° Controlkd

a part of he mountan range

by the geological structurg lithology and exogenic

forces the sbpe of the mountain & characterized by
steep slopes and cliffs The fomation area of debris
fow is 0. 58 km®, and the flou Ing sectbn area 0. 09
km’. The upstrean channel is ran arkably incised w ith
he configuraton of he transversal pofile “V” shape,
and the downstrean channel is ntense erode by debris
fbws which can be seen fran traces and tme of debris
fow with the confguraton of the transversal pwfile
“U” shape The whole shape of the watershed is leaf
lke Short channel of drainage basin make prec p itat+
on fast a confluence in the channelwhich can seriously
scour the slope and transport sold matters nclud ng
chy and pone to fom debris

grave] sand gran,

fow.

2.2 Geobgical settng

The geobgical stuucture on Shicheng fracture
zone in the second belt of folded strata of New Cathay-
sian tectonic facture zong with the trend to northeast
20° dip-slp to east with he angle 6°. The activity of
New Cathaysian tectonic facture is obvious The fault
block is uplifted w ith the camparison to the geobgical
structure ofM yun reservoir The strata layer of this re-
gobn has a long hitory and was Hmed n A rchean
Rock of this region is dan nated by gneiss and schist
and m etanoph ic rock is quartzite and grotte

The properties of lay up of the strata hyer is bet
ter w ith good extensbn, better processes of m ign atit+
zatbn, and bebng to regional metanorphisn, whose
m icroscopic structure is bracky anticline
2.3 Clin atic conditbns

The clinate of the locatbn is he typical sem iard
subhum id monsoon clinate nwam tem perate zone A—
bout 76. &% of prec p itatbn, average amount 650 mm,
especially n Jul and August
(Wu Zhenghua 2001). Concentratbn and bng dura-

tion of ranfalls are essential to the occurrence of debris

falls n the sunmez

flow. Forexanple the duratbn of precipitation w as e-
ven about 40 days which resulted n the ocairrence of
1939 debris flow. And the average annual air tem pera-
ture is 10. 8C. And the average annual earh tem pera-
ure is 13C, with the extreme highest 67. 5C and
lwest — 7C, resuling n high ntensity weathering of
rock, which can be a source of solid matter in debris
flow s
2.4 Hum an acty ites

Before 1939 there was a village wih a few hou-
ses at themouth ofDahkncha gully Most of terraces a
long the main channel were grow ng Chinese chesmut
andW ahut trees For lack ng of potecton of bush and
herhy the soil under trees was very fragile to be eroded
by he water and the ecosysten of the watershed be-
cameworse andworse The 1939 debris fhw destwoyed
the village and terrace fels along the channel about
500 m friom themouth of the gully but terrace n the
upstream was survived Now, no pepole lves n the
gully, but the human actwites still exist which -

clde fruit trees plantng on the existng terrace , -fire-
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wood cuttng pasturng etc Under the pressure of

these existing activities the stability of the watershed
ecosystan is prone to collapse and the probability of
debris-flow occurrence increases

The gravel gradation, size, directions of array,
and the roundness of gravels i different parts of debris
fow deposition fan were measured Several gravels in
the D alancha gully were selected randanly and those
abe length and inclne were m easured In the repre-
sentatve parts I and Il of the fan a roundness hole
were dug and 1 kg particle that he dianeters beyond
10 mm were selected and analyzed n laboratory A ver
skewness and kurtlosis

age particle dianeter sortng

were measured by the Pok and Ward fomula

3 Characterstics of the fan

Characteristics of the fan reflect the property of
debris flow, and so is the fan in Dalancha gully
3.1 Cross sectbn

The skeichmap and surveyed slope-grad en t draw—
ng n cross-sectbn of he fan are showed n fgure2 It
shows that the deposit is characterized of typ icaldebris-
fow deposit with the fony body and tail The length
of the fiont is 10 m, and hat of the body is 28 m.
W hen the debris flow reached the accumu lated positon
and its velocity decreased sgnificantl, solid matteg
such as gravely sands clays began to deposit under
sided or leaped,
and sands and clays suspended rolled or crav led,
which resulied n different fom s of the fan Them st
of fan & protruding and the sbpe gradient of the body
is 5% and thatof the font is 24°, higher than that of

the fomer

gravitational force, gravels rolled

Fig 2 Sketch map and surveyed slbp-gradient draw ing

in cross-section of the fan

The fan has no apex
have been eroded and transported by water flows after

resultng fran maternls

wards It st presents he deposition of viscous debris
flow, and we can not find the deposition of wate+ stone
flow if pst frun the cwoss-sectbn of he fan

3.2 Morphobgy of the fan

The mophobgy of the fan can be divided nto 4
parts naned part ] Il Il and V (Fg. 3) .

Part I lies in the m dst of the fan with iis slope
eradient is 5°. The deposit contans a large amount of
sand and clay, where many shubs grow. The average
dimeter of gravels is 0. 28 m, and most of the gravel
dimeter are above 0. 13m, with the extramely lagest
0. 58 m There are can paratively less deposits bewv een
the dameter2 mm and 0. 13 m. The trend of long axis
arrangem ent of most gravel is directional the d Bm eters
of gravels gradually becan e smaller fiun the upper to
the brin of this part The length of this part is 28 m
fran the startng pont and the largestw dth 7. 5m on

the ntersection w ith part Il

Fig. 3 Skeich map of the momphobgy of the fan

Part 11 is the front of the debris flow deposit The
slope gradient is 24° This part has an isosceles-trape-
wiklke shape with the upperside 7. Sm, the botiom
side 11m, and he wo symmety sdes 19 m The aw
erage dian eter of gravels & 0. 21 m, with the lagest
0. 8 m The trend of bng axis arrangement of gravels
presents no certan direction

Part III lies n the right of the fan with its slope
eradient is 10°. Sane heb and brush grow on the de-
posit The average diameter of gravels is 0. 20 mm,
rangng fum 1. 2 mm to 0. 34 mm. There are a bt of
sands and clays in the gaps of gravel The trend of long
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axis arrangement of most gravel is directona] the d+
aneters of gravels gradually becane analler fran the
upper to the brin of the fan which is like that of Part
] according to statistics The bottan of this secton is
19 m.

Part IV les in the leftof the fan and its shape is
seclor-like The gradient of the main slop  unifom,
wih the angle 8. 5°, but the slope gradient where it
meets part [ and II is 10 °, which has the same valie
wih part [l The average diameter of gravels is 0. 5
m, rangng fran 1. 76 m to 0. 37 m, which is bigger
than other part The length of the bottan is 33 m,
which is a little longer hat the brin- kngth add ition of
part Il and part I[II The trend of long axis arrangen ent
of most gravel is directional] the dianeters of gravels
gradually becane snaller fran the upper to the brin of
this part There are no sands and clays n he gapsbe-
ween the gravels

90 90
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270 270
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18 _/ 0 : 0
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Fig.4 Rose diagrans of the trend of bng axis amanganent

of gravels n part I 1

Rose dagrans of the trend of bng axis arrange-
ment of gravels mpart I 1l IIl N is shown in Fig 4
(1) the trends of bng axis arrangem ent of most grav-
els m part [ Il and Il belong to one cerain directbn
and shouH result fran one debris fbw process consit-
erng thatpart IV is on the front in cross-sectbn analy-

sis (2) the trends of bng axis arrangement of most

gravels in part N bebng to another directon and
should result fran another debris process
3.3 Size anals s
According to statistts the average diameters of
gravels m part I II Il share sinihr and that of part
V is bigger than that of other three parts It shows that
the scale of debris flow resulting n part NV is bigger
than that of debris flow resulting in part I Il and III
For the large amount of grain contaned in the
parts I and II han other parts the granularity were
measure n these wo parts The sorting is poor n part
I and part 1T like 2. 668 and 2. 536 This has awell
connectbn w ith the orgnation of depositbon and reflect
that the wo parts depositon is fran one debris fbw
process The skewness of two deposition parts are
- 0.133 and - 0. 100
were caused by the debris flow. The kurtosis is smooth
in part I and part 111 like 0. 771 and 0. 75 and cbse to

the nomal distribution It dem onstrates the w ater pow—

it show that the deposition

er and debris flow are exist n the gull. Partick size
analysis n part | and III (Fig.5) shows that (1)
particles n part I and II share canmon characteristics
and hey were fomed in one debris-fbw process (2)
the upper sectbn of wegh cumu lative curves is a con-
tnuum, smooth and convex curve which demon-
strates the favorable sorting of particles (3) There are
mu lt+convexes in he frequency curves which demon-
strate hat the debris fbw was viscous and several dif
ferent hydraulic phenanena occurred

According to the roundness index classification -
dex presented by Fork ( Jiang Zaixng 2003), the
II and
I is 1 or 2 in another word pointedness or sub-

roundness value of most gravel in the part |

pontedness And the roundness valie of most gravels
mn part IV is 0 or 1, thatto say sharp-pontedness or
pointedness

There are obvious corrosbn traces and pockm arks
in surface of gravels Corrosbn tracesw erem ade when
gravels scrubbed each other and pockm arks were
made when gravels stioke into each other durng the
transportation. Investigaton shows that corrosbn traces
prevail on gravels in part IV, and pockmaiks prevail n
part | 1] and III Tt is investigated hat corrosion tra-
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ces and pockmarks on gravels m part V ismore obv+ hing the mouth of the gully the sbpe is slw, sold

ous than that of the other three parts which also den—
onstrates the scale differences of debris flows

Based on the analysis above it can be concluded
that (1) There were wo debris flw processes and
he prinary Bwater stone flow and the second is a vis-
cous debris fbw; (2) The fomaton of the fan resu lied
fran the wo debris-flow processes and waterstone
fow deposit fommed the basament the viscous debris
fbw deposited on the surface of he Hmer sign ificant
ly change themorphobgy of the fann (3) Part [ 1] 111
exhibit characteristics of the viscous debris flow and
part V exhbis hat of waterstone fbw; (4) The

scale of water-stone flow is greater than that of he vis-

cous debris flow.

4  Developm ent of the fan

4.1 Fom aton of the fan

The fomation of the fan in Dalancha gully was
closely related w ith the wo processes of the w ater-stone
fbw and the viscous flw. The waterstone flow oc-
curred n 1939. Because of 40 days long-duration pre-
cipitation, a huge anount of affluxion accumuhted in
he channel in the gully The current ranarkably ero-
ded sde slopes resultng in slopes destabilizaton and
caused landslde and slide which supp led a great deal
of solid matters A fter the flux of flood reached a cer
tain anount gravels were tansported greatly and be-
gan to slide or 1oll under the hydraulic power and graw
itatonal force And the current strongly eroded the ma-
tri of the channel bed About 200 m before reach ng
hemouth of the gully

thus thewaterstone flow cane nto beng W hen reac

the upper matrix was moved,

matters began to deposit as a form of fan In the
process of deposif the deposition was nfluenced by
the flood of he man channel of X bailian ravihe the
directon of deposition changed and the fan shape be-
cane asymm efric ( fig 2). Also because of mped ment
of the deposit the man channel of X bailian ravin
changed its course (Fi 6). The viscous debris fbw
occurred afterwards transportngmany gravels sands
and clays When it arrives to the watershed mouth
sold matters deposit on the fan resulting n a projec-
tion and an increase of hickness of the fan For it
was not inflienced by the flood in the main channel of
Xibailian raving the depositbn directon did not
change, correspond to the fbw directon of he man

channel of Dahncha gulk.

Fig 6 Rehtionship betveen the fan and
streans in Dakincha gully and X bailian ravine

4.2 Evolton of the fan

The fan’ s evolution has a close relatbnship w ith
the mainstrean of Dalancha gully and he mamnstrean
ofX bailian ravine The base of the fan is can posed by
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gravels and the porosity ratio is great W hen arriving
at the fan, the current becan es the underflow, erod ng
hem atters in the mner pary thus changing the nter
nal structure of the fan 1If fbods occur in the gully,
water currentw ill overflow, eroding sands and clays on
the upper part changing the surface of the fan The
man strean of X bailian ravne flows along the brm of
he fan eroding he sde then changing the fan’ s
edge shape

The protection of vegetatbns on the fan reduces
he eroson intensity when overfbws occur So it plays
a negatwe role on hem orphological change of the fan.

The probable debris flows aftewards and E arth-
quakes are also mportant factors nfluencng the evolu-

tbn of the fan

5 Conclusions

The investigation and data analysis of the debris
fow fomaton progress and the fan depositbn charae-
teristics in Dalanshi gully has revealed same mportant
baselne data

Fran the investigation and data analysis of the
debris fow formation progress and the fan depositbn
character stics m Dalanshigully has revealed sane -
portant baselne data

(1) Themorphobgy of he fan is divided nto part
] I I M. Partl II I result fim the depositbn
process of a viscous debris flow, and part N awater
stone flow, which can be seen frun the analysis of size
analysg the trend of long axis arrangement of gravels
and corrosion traces and pockmarks And the scale of
thew aterstone flow was greater than that of the viscous
fow.

(2) The fomation of the fan n Dalancha gully
was closely related w ith the wo processes of thew ater
stone flov and the viscous flow. The prinary water
stone flw m ade the basic confizuration of he fan and
he second viscous fbw changed remaikably the extert
orof the fan

(3) The fan’ s evolution has a close relatbnship
wih the manstrean of D alancha gully and the man-
strean of X bailian ravine A fter arriving at the fan,
he current as a underfbw n Dalancha gully erodes the

solidm atters n the hner parf changng the ntemal

structure of he fan A nd the mamn strean of X bailian

ravhe flovs abng the brin of the fan erodng he

sid¢ changng the fan’ s edge shape

(4) Streans fbods vegetarians probable deb-
ris flows afterwards earthquakes are mportant factors
influencing the evolition of the fan

It is difficult to deduce changes n the nner of he

fan because of underflow’ s existing
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