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1. Objectives

Ophiolites from the oceanic crust are important indicators
for  identifying  tectonic  suture  zones.  Recently,  a  continuous
ophiolite  belt  was  found  near  the  Guola  Mountain  in  the
Nujiang  tectonic  belt.  Due  to  intensive  hydrothermal
alteration  during  tectonic  evolution,  clayey  altered  ophiolite
with  special  engineering  geological  characteristics  was
formed,  which  has  an  extremely  adverse  impact  on
engineering  stability.  However,  the  adverse  properties  of
clayey  altered  ophiolite  are  still  not  well  understood  in
engineering practices (Zhang YS, et al., 2011).

This  paper  reports  the  distribution  characteristics  of  the
ophiolite  belt  near  the  Guola  Mountain  on  the  east  Tibetan
plateau  of  China,  as  well  as  its  engineering  geological
properties.  The  potential  impacts  of  clayey  altered  ophiolite
on the stability of slopes and tunnels are discussed, providing
helpful  guidance  for  the  prevention  and  control  of  related
geosafety risks. 

2. Methods

The  distribution  scope  and  geological  characteristics  of
the  ophiolite  belt  were  investigated  by  field  investigation,
drilling,  and  unmanned  aerial  vehicle  mapping.  The  clay
particle  content,  clay  mineral  composition,  and  alteration
degree  of  ophiolite  were  determined  through  grain  size
analysis,  X-ray  diffraction  (XRD),  and  disintegration  tests
respectively. In situ rebound tests and laboratory direct shear
tests  were  conducted  to  obtain  the  UCS  of  the  altered

ophiolite and the shear strength of the altered clay. 

3. Results
 

3.1. Geological characteristics of the ophiolite belt

According  to  the  previous  studies  (Pan  GT  et  al.,  2020),
the  ophiolite  outcrop  near  the  Guola  Mountain  was  mainly
found at the right bank of the Nujiang River in a lens-shaped
distribution,  and  no  ophiolite  outcrops  were  revealed  at  the
left  bank.  Based  on  field  surveys  and  drilling  data,  several
typical  ophiolite  outcrops  were  found  at  both  banks  of  the
Nujiang  River  (width  of  about  290  m),  the  top  of  the  Guola
Mountain (width of about 242 m), the northwest slope of the
Guola Mountain (width of about 40 m), and the right bank of
the  Exue  River  (width  of  about  20  m)  (Fig.  1).  The  total
length  of  these  outcrops  reaches  3.4  km,  exhibiting  a
continuous ophiolite belt that gradually narrows from south to
north.

In  the  northwest  slope  of  the  Guola  Mountain,  the
ophiolite  belt  consists  mainly  of  serpentinized  peridotite,
appearing in dark, ink-green pseudobanded texture, contacting
with dark grey slate and marble. A large number of joints and
cleavages  are  developed  in  the  ophiolite  belt,  displaying  a
layered  fractured  structure  with  intense  compression  and
folding  deformation.  The  ophiolites  generally  underwent
different  degrees  of  clayey  alteration.  Highly  altered
ophiolites  usually  appear  in  strip-  or  lens-shaped  interlayers
along joints, with thicknesses of 5–35 cm. 

3.2. Engineering properties of altered ophiolite

Clay mineral composition. The XRD test results indicate
that the clay particle content ranges from 20% to 30%, and the
clay  mineral  content  ranges  from  73%  to  93%.  The  clay
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minerals  were  formed  due  to  hydrothermal  alteration  of
serpentinite  (Ji  SC  et  al.,  2018;  Fig.  2a).  The  altered  clay  is
mainly  composed  of  montmorillonite,  followed  by
illite/smectite  mixed-layer  minerals  (Fig.  2b).  Therefore,  the
altered  ophiolite  with  thick  clay  interlayers  may  exhibit
significant  expansion  due  to  water  absorption,  as  well  as
water loss-induced shrinkage.

Disintegration  durability.  Clayey  altered  rocks  are  rich
in  hydrophilic  minerals  such  as  montmorillonite  and
illite/smectite mixed-layer minerals, leading to poor durability
and  disintegration  under  alternate  wetting  and  drying.  They
can transform into  a  muddy state  after  experiencing multiple
or even a single episode of water immersion (Fig. 2c). On site,
accumulation  of  debris  formed  due  to  disintegration  is  often
observed  at  a  slope  foot  or  in  clogged  drainage  channels.
Additionally,  saddle-like  landforms  are  often  formed  at
mountain tops composed of clayey altered serpentinite.

Mechanical properties. Rebound tests on ophiolite along
the northwest slope of the Guola Mountain indicated that the
strength  of  altered  ophiolites  decreases  with  increasing
alteration  degree,  and  the  UCS  generally  falls  below  5  MPa
(Fig. 3a). Direct tests on altered clay from Jiba Village at the
right  bank  of  Nujiang  River  revealed  that  the  strength  is
generally  low,  which  is  significantly  influenced  by  water
content.  When  the  water  content  is  15%–25%,  φ  is  14.3°–
19.4°, and c is 28–58 kPa (Fig. 3b). 

3.3. Impact on Engineering Stability

Impact  on  slope  stability.  When  the  altered  ophiolite
forms  a  slope,  the  altered  clay  interlayers  along  joints  may
promote the expansion of discontinuous planes and gradually
become  a  sliding-prone  geo-structure.  Significant  strength
weakening  and  rock  structure  deterioration  occur  when  the
altered ophiolite is exposed to water, which may lead to large-
scale  landslides.  Landslides  with  such  structures  are
commonly  found  in  the  Nujiang  tectonic  belt,  such  as  the
landslides  on  the  right  bank  of  the  Nujiang  River  and  the
Dorasi landslide in Basu County (Zhang YS et al., 2022).

Impact  on  tunnel  stability.  When  tunnelling  in  altered
ophiolites, typical characteristics of weak rock formations are
encountered.  Due  to  its  association  with  the  Nujiang  Fault,
three sets  of  joints  are prevalently developed in the ophiolite
belt,  and there  are  often mud-covered gravels  or  altered clay
interlayers along joints.  Such surrounding rock of a tunnel is
generally  classified  as  Grade  V  according  to  Chinese
Standard for Engineering Classification of Rock Mass (GB/T
50218). When the surrounding rock is rich in water, it can be
worse  than  Grade  V.  Consequently,  tunnel  construction  in
altered  ophiolites  may  encounter  the  following  problems:
large-scale roof caving and collapse along the densely jointed
zone above the tunnel,  inward deformation or  sudden caving
of tunnel sidewall, tunnel floor heave in water-rich areas, etc. 
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Fig. 1.   Characteristics of the ophiolite belt near the Guola Mountain. a–Regional geological map. b–Location of the research area. c–Ophiolite
outcrop at both banks of the Nujiang River. d–Ophiolite outcrop at the top of the Guola Mountain. e–Ophiolite outcrop on the northwest slope
of the Guola Mountain. f–Ophiolite outcrop at the right bank of the Exue River. 1–Slate of Exue Formation; 2–Limestone of Exue Formation;
3–Crystalline limestone of Exue Formation; 4–Dolomite quartz schist of Nujiang Formation; 5–Two-mica plagioclase gneiss of Kaqiong Form-
ation;  6–Granite  gneiss  of  Kaqiong  Formation;  7–Jurassic  monzogranite;  8–Jurassic  diorite;  9–New scope  of  the  ophiolite  belt;  10–Original
scope of the ophiolite belt; 11–Quaternary alluvial deposits; 12–Ductile shear zone; 13–Reverse fault; 14–River
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4. Conclusions

(i) The ophiolite belt near the Guola Mountain extends for
approximately  3.4  km  with  a  strip-shaped  distribution.  The
altered  ophiolite  is  a  special  rock  type  with  the  worst
engineering geological  characteristics in the Nujiang tectonic
belt, making it highly prone to geosafety risks.

(ii)  The  slope  in  the  altered  ophiolite  belt  should  be

reinforced  with  support  protection  and  drainage  at  the  slope
foot,  so  as  to  avoid  the  deterioration  of  rock  mass  due  to
exposed  slope  surface  and  alternate  wetting  and  drying,  and
subsequent large-scale slope failure.

(iii)  During  tunnel  construction  in  the  ophiolite  belt,  it  is
important  to  minimize  engineering  disturbances  and  adopt
rapid  construction  and  support  techniques.  After  tunnel
completion,  long-term  monitoring  of  the  surrounding  rock
deformation should also be implemented. 
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Fig. 2.   XRD spectrum of whole rock (a) and altered clay (b), and disintegration test of altered rock (c) .

 

R
eb

o
u
n
d
 s

tr
en

g
th

/M
P

a

τ = 0.3514σ + 57.7
R² = 0.98

Vertical pressure/kPa

τ = 0.2572σ + 27.9
R² = 0.98

Water content 15%

Water content 25%

S
h
ea

r 
st

re
n
g
th

/k
P

a

250

200

150

100

50

0 50 100 150 200 250 300 350 400 450

H1
40

30

20

10

0

H2

H3

H4 H5

H6

H7

H8

H9
(a)

(b)

1 2 3 4 4 5 4 2 1
Rock mass type

1-Relatively complete slate 

3-Moderately altered ophiolite 

5-Broken slate

2-Fractured slate 

4-Strongly altered ophiolite 

 
Fig.  3.     Strength  characteristics  of  altered  ophiolite.  a–average  re-
bound  strength  of  the  ophiolite  belt  on  the  northwest  slope  of  the
Guola Mountain. b–shear strength of altered clay on the right bank of
the Nujiang River.
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