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Abstrac t: Debris flows occur frequently in them ounta in a rea of Be ijing. Through deta iled data co llection and field invest-i

ga tion, th is article studied the characteristics o f the debris. deposition fan o f Dalancha gully. It show s that: the fan form a-

tion bears upon two debr is- flow processes, the pr ima ry w ate r-stone flow m ade the basic con figuration of the fan, and the

second v iscous flow changed rem arkab ly them orpho logy of the fan; The evo lution o f the fan in Dalancha gu lly is sign ifican-t

ly influenced by them a instream s of Da lancha gully and X ib ianlian rav ine; the ex ter ior o f the fan can be div ided into four

parts I, II, III and IV. Part I, II, III represent characte ristics o f the v iscous debris flow, and part IV presen ts the pr im ary

w ater-stone flow. The m anne r, distance and e rosion intensity of so lid m atters is diffe rent betw een the tw o deb ris- flow

processes. The size, d irections of array, and the roundness o f g rave ls in d ifferen t parts a lso re flect the character istics o f two

debr is- flow processes. The resu lts w ill enrich theories on study o f debr is flow in Be ijingM ounta in and prov ide data to the

m itigation o f debris flow in Be ijingM ounta in.
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1 Introduction

The geomorpho logy o f p iedmont changes greatly in

the shor-t duration deposit ion processes o f debr is flow

( Tang Chuan, 1991) , and the dynam ical process of

debris flow s can be deduced from morpholog ical deve-l

opment and deposit feature of fans. The study o f debris

flow deposit fans attractsmore internationa l efforts, and

espec ially in Jiang jia rav ine, Ch ina is systematica,l in-

clud ing triggering ( Chen Jie, 2005; T ian Lianquan,

1991), physica l and chem ica l composition of deposits

( Luo Gu isheng, 1987; Lei X iangy,i 1987).

Debris flow s occur frequen tly in w estmounta in ar-

ea of Beijing, and fans are a prom inent landform of

debris flow deposits ( Cui Zhijiu, 1996) . Debris flow

occurred in D alancha gu lly, Feng jiayu Town, M iyun

County, Be ijing in 1939 ( Zhang Ka ip ing, 2004 ) ,

form ing a typical fan at the intersection o f the mouth of

Da lancha Gully and the ma in channel of X ibailian ra-

v ine. w e se lected the deposit fan as the study ob jec,t

through detailed data co llection and investigation of the

cond itions o f physical geog raphy of the w atershed

Da lacha gu lly and the characteristics of the debris flow

deposit fan, and try to exp lain the reasons o f character-

istics and the evo lut ion of the deposit fan, w hich can



benefit the basic research of debris flow fan and the

m itigat ion of debris flow hazard.

2 Study area

Dalancha gully, N40b39c~ 40b39c, E116b51c~
116b52c, is located in X ibailian rav ine, Feng jiayu

Town, M iyun County, B eijing, and the fan in this

study is at the mouth o f Dan lanch gully, wh ich inter-

sects w ith the main channel of X ibailian rav ine.

F ig. 1 G eneral view of the s tudy area

211 G eom o rpho log y o f the w a te rshed

Danlancha gu lly, a part o f the mountain range

Y anshan, is dom inated by m idd le- low mountains,

w hich is o f sing le- inclined fau lt b lock and intense de-

nudat ion. The absolute e levation of the highest po int is

910m, and the low est po int 522m at themouth of the

gu lly. The average degree of the slope is 33127b, and

the average gradient of the channel is 18b. Con tro lled

by the geolog ical structure, lithology and exogen ic

forces, the slope of the moun tain is characterized by

steep slopes and cliffs. The formation area o f debris

flow is 0158 km
2
, and the flou ling sect ion area 0109

km
2
. The upstream channel is rem arkably incised w ith

the configurat ion of the transversal pro file / V0 shape,

and the downstream channel is intense erode by debris

flow s wh ich can be seen from traces and t ime of debris

flow w ith the conf igura tion o f the transversal pro file

/ U 0 shape. The whole shape of the w atershed is lea-f

like. Sho rt channel of drainage basin make prec ip itat-i

on fast a confluence in the channe lwh ich can seriously

scour the slope and transport so lid ma tters includ ing

grave,l sand, grain, c lay and prone to form debris

flow.

212 G eo lo g ica l s e tt ing

The geo log ica l structure, on Shicheng fracture

zone in the second be lt of folded strata o fNew Cathay-

sian tecton ic facture zone, w ith the trend to northeast

20b, dip-slip to east w ith the angle 6b. The activity of

New Cathaysian tecton ic facture is obv ious. The fau lt

block is uplifted w ith the comparison to the geo log ica l

structure ofM iyun reservoir. The strata layer of th is re-

g ion has a long h istory and w as fo rmed in A rchean.

Rock of this reg ion is dom ina ted by gne iss and sch is,t

andmetamo rph ic rock is quartzite and gr iotte.

The properties o f lay up o f the strata layer is be-t

ter, w ith good ex tension, better processes ofm igmatit-i

zat ion, and be long to reg ional metamorphism, whose

m icroscopic structure is bracky anticline.

213 C lmi a tic condit ions

The climate o f the locat ion is the typical sem iarid

subhum idmonsoon climate in w arm temperate zone. A-

bout 7614% o f prec ip itat ion, average amount 650mm,

fa lls in the summer, especially in Ju ly and August

(Wu Zhenghua, 2001) . Concentration and long dura-

tion of ra infalls are essent ial to the occurrence of debris

flow. Fo r example, the durat ion o f precipitation w as e-

ven about 40 days, wh ich resu lted in the occurrence of

1939 debris flow. And the average annua l a ir tempera-

ture is 1018e . And the average annual earth tempera-

ture is 13e , w ith the extreme highest 6715e and

low est - 7e , resu lt ing in h igh intensity w eathering of

rock, w hich can be a source of so lid matter in debris

flow s.

214 Hum an ac t iv it ies

B efore 1939, there w as a v illage w ith a few hou-

ses at themouth o fDa lancha gu lly. M ost of terraces a-

long the main channel w ere grow ing Ch inese chestnut

andW alnut trees. For lack ing o f pro tection o f bush and

herb, the so il under trees w as very fragile to be eroded

by the w ater and the ecosystem of the w atershed be-

camew orse and w orse. The 1939 debris flow destroyed

the village and terrace f ie lds along the channe l about

500 m from themouth o f the gu lly, but terrace in the

upstream was surv ived. N ow, no pepole lives in the

gully, but the human act iv it ies still ex is,t wh ich in-

c lude fru it trees plan ting on the ex ist ing terrace, fire-
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wood cutt ing, pasturing, etc. Under the pressure of

these ex isting activ ities, the stability o f the w atershed

ecosystem is prone to co llapse and the probab ility of

debris-flow occurrence increases.

The grave l gradation, size, directions o f array,

and the roundness o f grave ls in d ifferent parts o f debris

flow deposition fan w ere measured. Severa l grave ls in

the D alancha gu lly w ere selected random ly and those

abc length and incline w ere m easured. In the repre-

sentat ive parts I and III o f the fan a roundness ho le

w ere dug and 1 kg particle that the diameters beyond

10 mm were selected and ana lyzed in laboratory. A ver-

age particle d iame ter, sort ing, skew ness and kurtosis

w ere measured by the Po lk andWard formula.

3 Character istics of the fan

Characterist ics of the fan reflect the property of

debris flow, and so is the fan in Dalancha gully.

311 C ro ss se ct ion

The sketchmap and surveyed slope-grad ien t draw-

ing in cross-sect ion o f the fan are show ed in figure 2. It

show s that the deposit is characterized o f typ ica ldebris-

flow deposi,t w ith the fon,t body, and tai.l The leng th

of the front is 10 m, and that o f the body is 28 m.

W hen the debris flow reached the accumu lated posit ion

and its velocity decreased significant ly, so lid matter,

such as g ravels, sands, c lays, began to deposit under

grav itational force, grave ls ro lled, sided or leaped,

and sands and c lays suspended, ro lled or craw led,

w hich resu lted in d ifferent form s of the fan. Them idst

of fan is protruding, and the slope gradient of the body

is 5b, and that o f the front is 24b, h igher than that of

the former.

F ig12 Sketch map and su rveyed s lop-grad ient draw ing

in cross-section of the fan

The fan has no apex, resulting from mater ia ls

have been eroded and transported by w ater flow s after-

w ards. It just presents the deposition of v iscous debris

flow, and w e can no t find the deposition of w ater-stone

flow if just from the cross-sect ion of the fan.

312 Morpho lo gy o f the fan

The morpho logy o f the fan can be divided into 4

parts named part I, II, III and IV ( F ig13) .
Part I lies in the m idst of the fan; w ith its slope

gradient is 5b. The deposit conta ins a large amount of

sand and clay, where many shrubs grow. The average

d iameter o f grave ls is 0128 m, and most of the grave l

d iameter are above 0113m, w ith the extreme ly largest

0158 m. There are comparative ly less deposits betw een

the d iameter 2 mm and 0113m. The trend of long ax is

arrangement ofmost gravel is directiona;l the d iameters

o f gravels gradua lly becom e smaller from the upper to

the brim o f this par.t The leng th of th is part is 28 m

from the starting po in,t and the largestw idth 715m on

the intersection w ith part II.

Fig13 Sketch m ap of the m orphology of the fan

Part II is the front of the debris flow deposi.t The

slope grad ient is 24b. This part has an isosceles- trape-

zo id- like shape, w ith the upper side 715m, the bo ttom

side 11m, and the tw o symmetry sides 19 m. The av-

erage d iam eter o f gravels is 0121 m, w ith the largest

018 m. The trend o f long ax is arrangement of grave ls

presen ts no certa in d irection.

Part III lies in the right o f the fan, w ith its slope

gradient is 10b. Some herb and brush grow on the de-

posi.t The average diameter o f grave ls is 0120 mm,

rang ing from 112 mm to 0134 mm. There are a lo t of

sands and clays in the gaps o f grave.l The trend of long
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ax is arrangement of most gravel is d irectiona;l the d-i

ameters o f g ravels gradually become sma ller from the

upper to the brim of the fan, wh ich is like tha t o f Part

I, according to stat istics. The bottom of this section is

19 m.

Part IV lies in the left o f the fan, and its shape is

sector- like. The gradient of the main slop is un iform,

w ith the ang le 815b, but the slope grad ient where it

meets part I and II is 10 b, w hich has the same va lue

w ith part III. The average diameter of grave ls is 015
m, rang ing from 1176 m to 0137 m, wh ich is bigger

than other par.t The length of the bottom is 33 m,

w hich is a little longer that the brim- length add ition of

part II and part III. The trend o f long ax is arrangem ent

of most grave l is d irectiona;l the diameters of g ravels

gradually become smaller from the upper to the brim of

th is par.t There are no sands and clays in the gaps be-

tw een the grave ls.

F ig14 Rose d iagram s of the trend of long axis arrangem en t

of gravels in part I, III, IV

Rose d iagrams o f the trend o f long ax is arrange-

ment of g ravels in part I, II, III, IV is shown in Fig. 4

: ( 1) the trends of long ax is arrangement ofmost grav-

els in part I, II and III belong to one certa in direct ion

and shou ld result from one debris f low process, consid-

ering that part IV is on the front in cross-section analy-

sis; ( 2 ) the trends o f long ax is arrangement of most

gravels in part IV be long to another direct ion and

should resu lt from another debris process.

313 S ize ana ly s is

According to statist ics, the average d iameters of

gravels in part I, II, III share sim ilar and that of part

IV is bigger than tha t of other three parts. It show s that

the sca le of debris flow resu lting in part IV is b igger

than that o f debris flow resu lting in part I, II, and III.

For the large amount o f g rain conta ined in the

parts I and III than o ther parts, the granu larity w ere

measure in these tw o parts. The sorting is poor in part

I and part III like 21668 and 21536. Th is has a w e ll

connect ion w ith the o rig ination of deposition and re flect

that the tw o parts deposition is from one debris flow

process. The skewness of two deposition parts are

- 01133 and - 01100, it show that the deposition

w ere caused by the debris flow. The kurtosis is smooth

in part I and part III like 01771 and 0175 and c lose to

the norma l distribution. It demonstrates thew ater pow-

er and debris flow are ex ist in the gu lly. Partic le size

ana lysis in part I and III ( F ig15 ) show s tha:t ( 1 )

partic les in part I and II share common characteristics

and they w ere form ed in one debr is- flow process; ( 2)

the upper sect ion of we igh cumu lative curves is a con-

tinuum, smoo th, and convex curve, wh ich demon-

strates the favo rable sorting o f partic les; ( 3) There are

mu lt-i convexes in the frequency curves, wh ich demon-

strate that the debris flow w as v iscous and several di-f

ferent hydraulic phenomena occurred.

According to the roundness index classification in-

dex presented by Fork ( Jiang Zaix ing, 2003 ) , the

roundness value of most grave l in the part I, II, and

III is 1 or 2, in ano ther wo rd, po intedness or sub-

po in tedness. And the roundness value of most grave ls

in part IV is 0 or 1, that to say, sharp-po intedness or

po in tedness.

There are obv ious co rrosion traces and pockm arks

in surface o f gravels. Corrosion tracesw erem ade when

gravels scrubbed each o ther, and pockm arks w ere

made when g ravels stoke into each other during the

transportation. Investigation show s that corrosion traces

preva il on g ravels in part IV, and pockmarks preva il in

part I, II, and III. It is investigated that corrosion tra-
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F ig. 5 Particle s ize curves in part I ( left) and part III ( righ t)

a. w eigh t cum ulative cu rve   b. frequen cy cu rve

ces and pockmarks on gravels in part IV is more obv-i

ous than that of the other three parts, wh ich also dem-

onstrates the scale d ifferences of debris flow s.

Based on the analysis above, it can be concluded

tha:t ( 1) There w ere tw o debris f low processes, and

the primary is w ater stone flow and the second is a v is-

cous debris flow; ( 2) The format ion o f the fan resu lted

from the tw o debris- flow processes, and w ater-stone

flow deposit formed the basemen,t the viscous debris

flow deposited on the surface o f the fo rmer, sign if ican-t

ly change themorpho logy o f the fan; ( 3) Part I, II, III

exhibit characterist ics o f the v iscous debris flow and

part IV exh ib its that of w ater-stone f low; ( 4 ) The

sca le of w ater-stone flow is greater than that of the v is-

cous debris flow.

4 Developm ent of the fan

411 Fo rm at ion o f the fan

The formation of the fan in D alancha gu lly w as

closely related w ith the two processes of thew ater-stone

flow and the viscous flow. The w ater-stone flow oc-

curred in 1939. Because of 40 days long-duration pre-

cipitation, a huge amount o f a ff lux ion accumu la ted in

the channel in the gully. The current remarkably ero-

ded side slopes, result ing in slopes destabiliza tion and

caused landslide and slide, wh ich supp lied a great deal

of so lid matters. A fter the flux of flood reached a cer-

tain amoun,t g ravels w ere transported greatly and be-

gan to slide or roll under the hydraulic pow er and grav-

itationa l force. And the current strong ly eroded thema-

trix of the channel bed. About 200 m before reach ing

themouth o f the gully, the upper matrix w as moved,

thus thew ater-stone flow came into be ing. When reac-

hing the mouth of the gully, the slope is slow, so lid

matters began to deposit as a form of fan. In the

process of deposi,t the deposition w as influenced by

the flood o f the ma in channel of X ibailian rav ine, the

d irect ion of deposition changed, and the fan shape be-

came asymm etric ( fig. 2) . A lso because of imped iment

o f the deposi,t the ma in channe l o f X ibailian rav in

changed its course ( F ig. 6). The v iscous debris flow

occurred a fterw ards, transportingmany g ravels, sands,

and clays. When it arrives to the w atershed mouth,

so lid matters deposit on the fan, resu lting in a pro jec-

tion, and an increase o f th ickness of the fan. For it

w as not influenced by the flood in the main channel of

X iba ilian rav ine, the deposit ion direct ion did not

change, correspond to the flow d irection o f the ma in

channel of Da lancha gu lly.

Fig. 6 Relat ion sh ip betw een th e fan and

stream s in Dalan cha gu lly and X ibailian ravine

412 Ev o lu tion o f the fan

The fan. s evo lution has a close relat ionsh ip w ith

the mainstream o f Da lancha gu lly and the ma instream

o fX ibailian ravine. The base o f the fan is composed by
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grave ls, and the porosity ratio is grea.t When arriv ing

at the fan, the current becomes the underflow, erod ing

them atters in the inner par,t thus chang ing the inter-

nal structure o f the fan. If floods occur in the gu lly,

w ater currentw ill overflow, eroding sands and clays on

the upper par,t chang ing the surface o f the fan. The

ma in stream ofX ibailian rav ine flow s along the brim of

the fan, eroding the side, then changing the fan . s

edge shape.

The protection o f vegetat ions on the fan reduces

the erosion intensity w hen overflow s occur. So it plays

a negat ive ro le on themorpho log ical change o f the fan.

The probab le debris flow s afterw ards and E arth-

quakes are a lso important factors influenc ing the evolu-

t ion of the fan.

5 Conclusions

The investigation and data analysis o f the debris

flow format ion prog ress and the fan deposit ion charac-

teristics in Dalansh i gully has revealed some important

baseline data:

From the investigation and data analysis o f the

debris flow formation progress and the fan deposit ion

character istics in Dalansh i gu lly has revea led some im-

portant baseline data:

( 1) Themorpho logy o f the fan is div ided into part

I, II, III, IV. Part I, II, III result from the deposit ion

process o f a v iscous debris flow, and part IV a w ater-

stone flow, w hich can be seen from the analysis of size

analysis, the trend o f long ax is arrangemen t of g ravels

and corrosion traces and pockmarks. And the scale of

thew ater-stone flow w as greater than that of the v iscous

flow.

( 2) The fo rmation of the fan in Dalancha gu lly

w as close ly re lated w ith the tw o processes of thew ater-

stone flow and the v iscous flow. The primary w ater-

stone flow m ade the basic con figuration of the fan, and

the second v iscous f low changed remarkably the exter-i

or o f the fan.

( 3) The fan. s evo lution has a close relat ionship

w ith the mainstream o f D alancha gully and the ma in-

stream o f X ibailian rav ine. A fter arriv ing at the fan,

the current as a underflow in Da lancha gully erodes the

solidm atters in the inner par,t chang ing the internal

structure of the fan. A nd the ma in stream o f X ibailian

rav ine flow s a long the brim o f the fan, erod ing the

side, chang ing the fan. s edge shape.

( 4) Stream s, floods, vegetarians, probable deb-

ris flow s afterw ards, earthquakes are important facto rs

influencing the evo lution o f the fan.

It is difficult to deduce changes in the inner of the

fan because of underflow . s ex ist ing.
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北京大烂碴沟泥石流堆积扇的特征及其演变过程

高甲荣, 胡封兵, 刘 瑛

(北京林业大学,教育部水土保持与荒漠化防治重点实验室,北京 100083)

摘  要: 北京山区由于山坡陡峻、构造发育、岩体破碎, 加上气候条件, 泥石流灾害的发生较为频繁。密云县是北

京山区泥石流高发区, 冯家峪镇则是密云县泥石流发生最多的区域。密云县冯家峪镇西白莲峪历史上发生多次泥

石流, 其流域自然地理条件复杂、泥石流堆积形态多样,大烂碴沟泥石流堆积扇具有一定的代表性。研究泥石流堆

积特征及其演变过程, 以期丰富北京山区泥石流基础资料, 同时对完善泥石流灾害防治的危险区区划有所裨益。

在收集当地泥石流发生历史资料的基础上,详细的调查了西白莲峪大烂碴沟的自然地理状况和泥石流堆积物

的特点。大烂碴沟上游沟谷剖面呈 / V0形, 切割明显, 地形坡度一般在 32b以上 ,而下游沟谷剖面呈 / U0形。从泥

石流形成的年代和冲刷痕迹推测, / U0形沟谷为泥石流冲刷形成。整个流域成扇形, 泥石流形成区面积为

01 58 km2, 流通区面积为 0109 km2。大烂碴沟流通区沟道极短, 这样, 形成区汇集洪水到达流通区后, 严重冲刷沟

谷坡脚, 破坏基岩的稳定性,造成两岸岩石滑坡、崩塌和沟床岩石的整体性搬运, 从而形成泥石流。流域出口处有

泥石流扇形堆积体, 砾石含量较多。

采用野外调查和室内实验结合的方法对大烂碴沟泥石流的堆积物特点进行研究, 具体如下: ( 1)地貌特征: 采

用野外量测与填图的方法, 主要调查堆积扇的部位及其地形、沟道比降与宽度,堆积物外部形态等。 ( 2)结构组成:

主要有颗粒级配、岩性组成、砾石排列与分选性、堆积物的结构与构造特征, 以及粒态、擦痕、砾石包裹情况, 大漂砾

粒径、堆积位置与排列等颗粒特征。砾石的调查通过在沟道内随机选取一定数量的砾石进行 abc长度和倾向调

查。以上参数通过现场观测、测量取得。选定泥石流堆积区典型部位 I和 III,通过挖圆形探坑, 取出全部颗粒。将

颗粒直径大于 10 mm的大颗粒筛出,称重, 将剩余颗粒 1 kg左右带回实验室分析。粒度分析的主要方法为:平均粒

径比中值能更正确地反映碎屑颗粒的集中趋势,按福克和沃德的平均粒径的表达式M z =
< 16 + < 50+ < 80

3
判别碎屑颗

粒的集中趋势; 采用由福克和沃德提出的标准偏差公式 R =
< 84- < 16

4
+
< 95 - < 5

61 6 判别颗粒大小的均匀程度; 采用福

克和沃德的偏度公式: SK 1 =
<16 + < 84- 2< 50

2(< 84- < 16 )
+
< 5+ < 95 - 2< 50

2(< 95 - < 5 )
判别粒度分布的不对称程度 ;峰度是用来衡量粒度频

率曲线尖锐程度的, 也就是度量粒皮分布的中部与两尾端的展形之比, 采用福克和沃德提出的峰度公式 K G =

<
95
- <

5
+ <

80

21 44(< 75- < 25 )
判别。在查阅历史资料和堆积物调查的基础上,本文对大烂碴沟泥石流堆积扇的发育和演变过程

进行了分析。

研究结果表明, 该区泥石流堆积扇的形成受到初次水石流和二次粘性泥石流两种泥石流形成过程的影响, 水

石流形成堆积扇主体, 粘性泥石流则起到显著改变堆积扇形态特征的作用。大烂碴沟泥石流堆积扇的演变过程和

特征明显受到大烂碴主沟和西白莲峪主沟水流的影响。从外部特征来看,堆积扇可以分为 I, II, III和 IV四个区,

其中 I, II, III区表现为二次泥石流堆积特征, IV区表现为初次泥石流堆积特征。两次泥石流形成过程中固体物质

的运动方式、搬运距离和侵蚀强度不同,其堆积扇在不同分区的沙砾粒径、排列方向和圆度也反映出两次泥石流的

形成特征。

该研究结果对今后进一步探讨北京山区泥石流形成机理和运动过程以及为北京山区泥石流防治制定有效措

施提供了科学依据。
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