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Fig.1 Profile sketch of the types of various weathered relieves in normal scale on Liang Sculptures
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Tab.2 Morphologic data on the solutional fissures on the sculptures of Xiao Hui's Tomb
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Tomb (526 AD)
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Tab. 3 Lichens and algae on the surface of Liang Sculptures
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A STUDY ON MICRO-EROSION OF THE STONE SCULPTURES
OF THE LIANG DYNASTY (522-526AD) IN NANJING
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Abstract

Natural damage to ancient stone sculptures or cultural relicts. especial the biodeterioration, has
become a new research topic. The Liang stone sculptures during the Liang Dynasty in the suburb of
Nangjing, which are a group of limestone sculptures and inscripted tablets of the Liang tombs, built
in the period of 522-526 AD. have been enrolled in the list of National Cultural Heritages of Chi-
na. The Liang stone Sculptures have been situated in the open air for more than 1400 years since
they were built. The damages to them belong to a kind of karst geomorphological phenomena, This
paper presents a micro-morphological approach to the study on weathering of the stone sculptures.

1. Observation on micro morphology of produced by natural damage.

A. Observation in situ

Liang stone sculptures include stone sculptures of the mausoleums of Xiao Dan, Xiao Hui, Xiao
Jing and Xiao Xiu, The main types of sculptures are Bixie (a symbolic divine beast as evil-spirits ex-
orciser), ornamental colums and inscripted tablets.

The main types of the damage phenomenon can be classified in accordence to section morpholo-
gy into: a) Solutional fissures and furrows, mainly along the suture line; b) Solutional pits, ¢) Mean-
dering furrows. distributed on sculpture below the buried surface, d) Selective corrosional features.

In order to understand the penetrating character of the fissures, we measured the weathering
(solution) fissure along suture line on Xiao Hui’ s Sculpture. The parameters measured included:
a) Width of fissure mouth. b) The depth of the fissure with plug gauge of 0. 5mm and 0. 1mm, The
measured data show a trend that the wider the fissure mouth, the deeper the total fissure. We also
calculated the outer angle and the inner angle between the corroded fissures ong rock walls. where
the inner angle refers to the angle between rock walls of the fissure from 0. 5mm to 0. 1mm wide and
the outer angle from mouth to 0. 1mm wide. The data indicate that: a) Inner angles are smaller than
outer angle generally. b) There is a trend that the larger the total depth of the fissure. the larger
thd outer angle will be.

The main results of the observation in situ are summed up as follows: a) The damage to sculp-
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ture surface is mainly due to the solution with several section types. b) The solution fissure formed
along suture line is an initial fatal damage, which may cause the disintegration of the whole sculp-
ture. ¢) There is a difference between the surface damage on the burried line and that below the line.
d) There are lichen and algal covered surfaces with obvious biodeterioration.

B. Lab Observation

We identified the epi-and endolithic lichen and alage collected {rom the sculpture surface. The
lichens identified are: Caloploca sp. : Collama sp.. Diploschistes actinostomus, Lecanora muralis:
and Verrucarin sp., The algae include Gloeocapsa sp. and the species from the order of Chamae-
siphomales and Chroococales.

With optical stereo microscape observation. the micro solutional fissures with chasmolithic algae
along suture line can be observed. The chasmolithic algae may form the patched solutional pits and
the related relict micro steps with a height of about 0.1~ 0. 3mm. Calcite vein often forms a ridge
with micro corrosion furrow on both sides. Algal coating may become full of crack with the tension
of mucus while in dry season.

With observation on certain minor solutional features under Scanning Electronic Microscope
(SEM), the related ultral corrosional features were identified as follows: a) Bore-hole with diameter
around 10um formed by fungi filament of lichen, b) Ultral etched pits on minor patched erosional
pits, composed of networks of ultral furrows which 1. 5~ 3pm wide. Under SEM, we observed the
ultral features of the normal solution surface. The main characters are that: a) Ultral solutional pits
are basically along the cleavage plane of calicite or fissure among calcite grains. b) There are still or-
ganisms and a few bioerosinal features. ¢) Calcite grain or micrite may loosen or even come off during
the weathering (solution) processes.

I1. Discussion

A. Micro-morphologic mechanism of natural damage

The basic damage process is solution. The exogenic factor affecting the solution are as follows:
a) Atomospheric pricipitation and condensed water. b) Ground water in soils, ¢) Organisms distribut-
ed on the sculpture with various types of bicerosional mechanisms. As to bioerosion process, algal
may also cause the peeling-off effect. In the process. the algal coating causes the weathering of the
top substrate and forms a powder-like layer beneath the algal covering at first. During the dry peri-
od. the organic coating may be cracked by the tension of mucus and organic body, And then the
weathering layer will be peeled off.

Some rock properties may also affect on the damage process. resulting in the selective corrosion
feature. Such factors included chemical property. the suture line in moist environment, and the exis-
tance of calcite vein and joint.

The genetic types of karren or erosion feature on the sculptures are structural karren. free kar-
ren, subsoil karren, biodeteriorated karren and petro-affected karren as well as peeling-off phenome-
na.

As a result of observation, the main damage processes are the concentrated and strengthened
corrosion along suture line. The micro-fissure and the better moistened environment along suture line

causes the strengthened corrosin with several bicerosinal effects (e. g. biopeeling-off effects. bio-
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acidification of the rain water and the water holding effects). Such strengthened solution forms large
fissure and then may cause the disintegration of the whole sculpture along the suture lines.

B. Theoretical significanse of the research

Through the observation and analysis. some new ideas about karst erosion process were recog-
nised, obtained.

1) The mechanism of bio-karst erosion may be a complex process with many agents. while rock
property may largely affect on the distribution of the process.

2) As to transporation of karst erosion, there may also be the micro machenical ones beside
chemical process.

3) the solubility or chemical property of karst rock is not the only factor affecting on the solu-
tion process on limestone surface. In some cases. bio-effect may be the dominant agent influencing
the solution process in stead of rock chemical property.

4) The comparable relationship between subaerial karst erosion intensity on limestone surface
and subsoil ones is variable. It depends largely on the hydrau-dynamical condition of soil water

(ground water)

£ & & v
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Captions of the Plates
Plate 1 A full view of the eastern Bixie (a divine beast) of the Xiachui Tomb. Note fissures (filled) along suture lines
and the banding hoop iron (photo in 1990)
Plate 2 Algal coating and the peeling-off effect on substrate.
Plate 3 Micro corrosional feature on limestone sculpture surface of the Xiaodan Tomb. Note the micro fissures along
the suture line (shown by arrow) and relict ridge of calcite vain (V) and neibouring algal erosional furrows.
Plate 4 Patched pits (a) eroded by chasmolithic algae and the related relict micro step (M) on the inner side of peeled
block from Xiaojing Sculpture.
Plate 5 Ultral corrosional feature of patched pits on the Xiao jing Sculpture. Note the ultral ‘karren’ of corrosional fur-
row. SEM
Plate 6 Section view of biogenetic borehole on peeled block form the liang Sculpture. Note the solutional pits on the
wall of holes and the filament of organism. SEM
Plate 7 Ultral feature of ‘normal’ corrosional surface (without organic cover observed with naked eyes). Note the

loosen calcite grain and the spherical organic body, SEM
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