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Abstract

The 1920 Haiyuan earthquake (M=8.5) formed a new surface left-late-
ral rupture zone along the Haiyuan fault. Its length is about 215 km. The
rupture zong consists of seven discontinuous echelon fault segments. The
maximum horizontal component of the displacement along the rupture
zone is 17 m, the average displacement is 7.07 m, and the maximum vert-
icl component of the displacement is 5 m. The discontinuity of the dis-
placement distribution along the rupture zone corresponds with the disc-
ontinuity of the fault’s trace.

Since Holocene, 5 great earthquakes with magnitude about 8.5 have
occured on the Haiyuan fault. Except for the 2nd event, all were dated
by Lanzhou University with 14C: Event I is 9360 =75 yrs B.P.s Event II
7830 yrs B.P. (insertion); Event III 630070 yrs B.P.;y Event IV 368060
yrsy Event V less than 200 yrs B.P. (ie 1920 Haiyuan earthquake). The
recurrence intervals of events increased progressively, and the average
recurrence interval was 2325 yrs. The offset of the Haiyuan fault in the
Late-Pleistocene was about 500m; since the late period of Late-Pleisto-
cene, 200m; and since the Holocene it was about 50m. The average slip
rate is about 5 mm/yr.

This paper makes an exhoustive study in the following aspects 1. the
fracture zone of the 1920 Haiyuan earthquake (M=8.5); 2. the Holocdne
prehistoric great earthquake on the Haiyuan fault; and 3. Late-Quater-

nary faulting on the Haiyuan fault.

THE RUPTURE ZONE OF 1920 HAIYUAN EARTHQUAKE

On December 16, 1920 there was a great earthquake with M=8.5 ocec-
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urred near the boundary between Gansu provence and Ningxia provence
of China ( the epicentre is 36.7 N and 104.9 E ). Its epicentral intensity
was as high as XII. In this earthquake 234, 117 people were killed. The
investigated area is very dry, so the manifestation of earihquake in the
landforms could still be seen obviously 60 years later,

The 1920 Hajyuan earthquake formed a new rupture zome 215 km in
length along the Haiyuan fault. The rupture zone consists of the seven
discontinuous echelon fault segments which all are left-lateral slip except
eastermost segment. These segment are different in length, dip and moving
character from each other. Some left-stepping regions in the ends of the
segments manifest itself in rhombic tensional basins as Shaojiashui basin
in Fig.1 and Ganyanchi basin in Fig. 4, meanwhile the right-stepping
regions form compresive hill as Huangjiawashan mountain in Fig. 2. The
stepping distance is commonly 2,5-5 km. Along the rupture zone, many
evidences are provided by earthquake offset micro-landforms for the dis-
placement distribution during the 1920 earthquake. Except for a series of
fault scarps, fresh facets, landslides etc, there are many kinds of landf-
orm which are offset where they cross over the faults of the zone. They
all display the left-lateral motion. For example:a hill and a shallow gully
in the east of Santangshang are left-laterally offset 2.5m and vertically
offset 1m; a floodland at Dashagou was vertically offset 0.8m; a riverbed
at Honwewe of Jingyuan county left-laterally offset 8ms a riverbed at
Diwanxian in Jingyuan county was left-laterally offset 7.7imn3 a ridge of a
hill at Biangou in Jingyuan county, was left-laterally 17m which is the
greatest displacement dﬁring 1920 earthquake; a ridge of a hill at Diwan-
xian, left-laterally was offset 7.7m;s a spur in the west of Shachonggou,
was left-laterally offset 7m; the faultt scarp formed in 1920 earthquake
is 5m in hight at Shaojiashui in Jingyuan county; a ridge of a hill in the
east of Gaoyaowan was left-laterally offset 1lm, which formed a kind
of shutter-ridge tectonic geomorphology. _

"Along the rupture zone the facts of 86 horizontal and 78 vertical displa=
cements are determined in the field ( Fig. 3 ) : the greatest horizontal dis-
placement is 17m and the average value is 7.07m; the greatest vertical
displacement is 5m. The diseontinuity of the offset distribution along the
rupture zone correspods with the discontinuity of the fault discontintous
segments, ie the displacement is zero at the end of each se;ment, and the
displacement is maximum at center of each segment. For entire ruptur
zoney the ratio of vertical displacement to horizontal displacement is

commonly 0.2—0.3, but at the end of each segment is 0.7—1.0, ‘which
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Fig. 1 The relationship between Shaojiashui basin and the rupture
zone of the 1920 earthquake., It is remarkable that the basinlocates

left-stapping region of the discontinuous segment end.
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Fig. 2 The relationship between Huangjiawashan mountain and
the rupture zome of the 1920 earthquake, and the relationship
between Ganianchi basin and the rupture zone. Note that the
mountain locates the right-stapping region andthe basin locates

left-stapping reg-ion at discontinuous segment end.

suggests that the rupturing of the fault segments is gradualy stopped
with increasing the component of vertical displacement.

If a fault attitude, displacement direction, and striation angle ‘afe
kn:wn, its fault plane snlution can be obtained with Wualff’s net., The
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Fig. 3 The distribution of displacements during 1920 earthquake

attitude and displacement direction can be determined in field. It is diff-
icult to determine immediately the striation angle, but the angle can be
obtained by using simple geometry conversion from the vertical and hori-
zontal displacement in matching., The fault plane solution of 1920 Haiyu-
an earthquake obtained with 30 suite of data investigated in the field is

shown in Fig. 4.

Fig. 4 The fault plane solutionmechanism of the 1920 Haiyuan
earthquake from the data in field.

THE HOLOCENE PREHISTORIC GREAT EARTHQUAKE
ON -THE HAIYUAN FAULT

The geological and geomgﬂ)ﬁolo‘gic evidences of .the prehistoric large
earthquakes are found at some places on the Jingtai-Haiyuan segment of
the active Haiyuan fault trace. We illustrate the following three examp-
les:-

1.The artificial trenched section at Santangshang in Jingtai county
(Fig.5.).. ‘ ' ‘ ‘ '

There are evidences of 5 events in the section. The evidence for Eve-
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nt I is the fall wedge underneath the section, the wedge falled down 0.8
m, The evidence for Event II is that the wedge formed in Event I was
offset again by the secondary faults Fa, and that the secondary fauluts
are terminated under the unit 13. The evidence for Event IIl is a scarp
collapsing wedge III, and the unit 13, ie earthquake pond sediment.

The evidence for Event IV is a scarp collapsing wedge IV and unit 15
which is earthquake pond sediment, too. The evidence for Event V (ie
1920 Haiyuan earthquake ) is a scarp V and the secondary faults Fg. The
total vertical displacement of the 5 events is just equal to the total

dxsplacement of the erosional surfat at the Holocene bottom( 4 m).
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Fig. 5 The Holocene prehistoric earthquake section at Sahtangshané_ \
in Jingyuan county. 1 The Neogene system orange clay. 2 The '
black fault clay, 3 The middle-thinc grain gravel 4 The scarp
colluvial deposit,the filled fissure,and the earthquake Wedge 5 .,
The tiny grain gravel. 6 The secondary loess:-the pond dep051t‘
~of prehistoric earthquake. 7 The loess with gravel. 8 The

secondary faulut.9 The radio-carbon example.

2.The artificial trenched section at Shenjiazhuang in Jingtai county
(Fig. 6 ).

In this section, there is a filled fissure which is controled by 3 second-
ary faults, All the 3 secondary faults terminated under the most upper
soil layer. The 14C age of the event is 9360+75 yrs B.P. The event may
correspond with Event I in the section of Fig.5, because it is 1st event
. after forming .the erosional surface of the Holocene bottom. -

3. The small channels were offset twice at B1anq1anggou in Jingyuan
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Fig. 6 The section of the prehistoric earthquake at Santangshang
in lingyuan county. 1 the soily 2 the secondarjr loess 3
thetiny grain gravel; 4 the filled fissures 5 the secondary
fault; 6 the sand layer.

county ( Fig. 7—D, d). A

A small channel is offset left-laterally 1lm on the scarp at Biangian-
ggou in Jingyuan, This is a tectonic landform formed in 1920 ‘earthquake,
There is the beheaded channel on the site 13 m east from tht above chann-
el and parallel with it, The beheaded channel, obviously, had been offset
by another Event befor the 1920 earthquake. This event can be Event IV,
Same tectonic landform also appeared 600m away on the east from the
site, The beheaded channels may be restored as shown in Fig., 7, thus all
of the geomorphology phenomena belong to two events, Event IV aad
Event V. ‘ ' ‘ | '

Comparing the rélative location of each prehistorici event with the
1920 fractured zone at every site which shows the evidences for enents,

the order of every event is obtained, The tectonic geomorphology pheno-

i A i .D. 1920 ully
Befor B.P.3680:60 yrs, During event IV (B. B.P.3580:60yrs -- A.D. During A D.1920yrs, the new gu
a gully is formed here. P.3680t60 yrs),the 1920yrs,a new gully is  also is offset,left-laterally.
gully is offaet formed,and old gully
left-laterally. is discarded.

Bigpqisnggou (8) .
Fig. 7 The restored illustration' of the beheaded

" channels at Biangianggou
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mena with same order number means that they were formed in the same
event (Table 1), so that we obtained the displacement [distributions
of those events ( Fig. 8 ) . The Fig. 8 shows that the displacement distrib-
utions of the events are similar that of the 1902 earthquake,and it sugg-
ests that their magnitudes and epicentral locations are almost same as
that of the 1920 earthquake,

Above mentioned evidences show that 5 great earthquakes have oce-

urred on the Haiyua fault since Holocene. The 1920 Haiyuan earthquake
was latest one of them.
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Fig. 8 the di’splacemgnt distribution of the Holocene great
earthquakes along the Haiyuan fault

Except for Event II, all were dated by the l4c-laboratory of Lanzhou
University (Fig. 9 ) ¢t Fvent I is 936075 yrs B.P., Event IIl 6300 %70 yrs
B.P., Event 1V 3680%60 yrs B.P., Event V less than 200 yrs B.P. Cie 1920
A.D.)and the Event II is about 7830 yrs B.P. by in terpolation. IT is
well worth noticing that the interval of great shocks may trend to lengt-

hen. The average recurrence interval of great earthquekes is 2325 yrs..
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Fig. 9 Dates of the Holocen great earthquakes at

-Sagtlangshang in Jingtai county
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LATE-QUATERNARY FAULTING ON THE HAIYUAN FAULT

Before Eraly- Pleistocene, the faulting showed maidly compressive ch-
aracter, After Middle-Pleistocene, -the tensional-separate basins started
to appear on the Haiyun fault, which means that the fault began with
left-lateral slipping and since then to present the left-lateral slipping has
been continuing. - SR« B

" There are Many hill ridges and water courses are offset where they
cross over the Haiyuan fault trace, and the older the watericoarses,the
more their displacements,

Becouse the 14c age of the 1st terrace™is about 10,000 yrs, for the
creeks in which there is not 1st terrace, their ages shoulb*le within the
Holocene. Their left-lateral displacement are about 20—60m. For instan-
ce, the Holocene creek developed on the 3th terrace’surface was left—lat.
erally offset about 60m at Hongwewe in Jingyuan county; a r1dge of the
hill at Xibaihe in Haiyuan county was left-laterally  offset 50m; a ser1e-
of creeks developed on the 1st terrace in the east of Biaanqianggou in
Jingyuan county were left-laterally offset 20-30m.

The creeks formed in the late period of Late3Pleistorcehe are larger
than the Holocene, and within the former creeks had formed 1st tarra-
ce. Their 1fte-lateral displacement are larger, too, about 200m. For exam-
ple, all the four creeks in the east of Gaoyaowan in Jingyuan county was
left-laterally offset -  200m.

All the offset data in the area investigated show that Since the Late-
Pleistocene the offset of the fault zone reaches 500m, since the late period
of Late-Pleistoene 200m, and since the Holocene 50m ( Fig.10.)
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Fig.10 The dxstrlbutlon of d1sp1acement along Haryuan
‘ fault since Late- Quaternary : .
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By above-meontined offsets of the microlandforms,the average slipping
rate of 5 mm/yr is obtained on the Haiyuan fault;Based on the average
displacement of the 1920 Haiyuan earthquake (7.07m ) and the average
recurrence period of the great earthquake (2325 yrs) ,the average slipping
rate of 3,01 mm/yr is obtained on the Haiyuan fault, The diffe rence bet-
ween the two values probabliy_is the rate of the fault creep and the

displaement of the middle earthquakes.,
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