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1. Introduction

study. In recent years, tropical karst landscapes have been

strongly affected by intrusion and impact of global climate

The Cat Ba islands consisting of 367 islands are the third ~ changes. Therefore, understanding the processes of weath-
largest island group, behind The Phu Quoc and Cai Bau ering, erosion and the effects of climatic factors and natural
islands. However, The Cat Ba Islands are the biggest lime-  conditions on limestone weathering process is very essential,
stone islands in tropical Southeast Asia, also are the largest  as a basis for proposing efficient conservation measures of
islands in Halong Bay Area with high potential for scientific ~ sustainable natural heritage of our world (Fig. 1) [1].




Cat Ba islands are mainly composed of limestone, clay,
siliceous limestone, little terrigenous sediments [1—4].
Moreover, Cenozoic sedimentary formations (CZ) are dis-
tributed at the valley between the mountains and coastal
areas (Fig. 1-3).

Fig. 1. Grey thick-bedded limestone,
alternately with thick silicate of PhoHan
Formation at CB1 exposure,
near Cat Co 3 beach
(N: 20°42'54,5”; E: 107°03’04,2”)

¥ _/ *
PhoHan Formations (D3-Ciph) Fig. 2. Massive White-grey Limestone of BacSon Formation at CB12 exposure
and BacSon Formation (C-P bs) at (N: 20°47°32,5”; E: 106°57°15,6")
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Fig. 3. Geological map and sampling location map of Cat Ba Islands, Hai Phong



2. Literature review and problem statement

The micro-erosion meter (MEM) or traversing micro-
erosion meter (TMEM) is the common method used to
measure changes in the surface of the shore platform [5, 6].
The TMEM has since been used to measure small changes in
surface elevation (usually downwearing) and weathering in-
tensity on a variety of rock types in a wide range of environ-
ments. The method has undoubtedly improved our knowl-
edge of the rates of erosion in the landscape, particularly how
rates vary over short time and spatial scales. The method has
also allowed more understanding of how different processes
contribute to erosion in the landscape when careful exper-
imental design is followed [7]. The relationships between
these micro-scale changes and long-term changes in erosion
rates can be quantified using this dataset. There are numer-
ous studies reporting platform surface lowering, measured
using the MEM or TMEM [1, 7]. These studies usually mea-
sured erosion over periods of about two years.

The application of TMEM methods in erosion study
plays an important role in practical significance for the
study of conservation research at the Cat Ba Islands. How-
ever, there is no study of MEM or TMEM on measuring the
erosion rate in Vietnam, especially at the Cat Ba Islands. In
this study, we provide 2 years TMEM results of limestone
erosion at the Cat Ba Islands.

3. The aim and objectives of the research

Cat Ba islands consist mainly of limestone. In recent
years, the karst landscape has been changed due to enhanced
weathering (i. e., physical erosion and chemical dissolution)
caused by global and local environmental change. Thus,
understanding of erosion process at present and in future is
highly needed to propose better preservation measures.

To achieve the aim, the following tasks are to be solved:

1. Several erosion stations will be constructed in a few
representative islands selected based on topography, geolo-
gy, and meteorological conditions.

2. Erosion stations were measured every two times
each year.

3. In addition, rainfalls need to be measured.

4. Calculation erosion rate from the TMEM data.

4. Experimental conditions

The instrument consists of an engineer’s gauge, mount-
ed on a low, triangular frame, which measures the length
of a probe extending to the rock surface below. When in
use, the frame sits on three metal studs (a station) that are
permanently embedded in the rock (Fig. 1, 2). The MEM
allows repeated measurements, usually in 0.01 or 0.001 mm
units, to be made of surface elevation and consequently of
slow rock downwearing at three points. A later adaptation,
the TMEM, permits numerous measurements to be made
(100 or more, depending on instrument design and usage)
within the triangular frame of the instrument. The precision
and accuracy of the instrument are affected by variations
in such factors as temperature and humidity, as well as by
operator error [9].

Changes in elevation recorded at each point at a TMEM
station are generally averaged to derive a mean rate of down-

wearing for that station. The probable difference between
the mean derived from a limited number of sample points and
the true population mean for the entire station surface de-
pends upon the size of the sample and the degree of variation
in the rate of downwearing within the station [10], Fig. 4.

st higu chudn
o miy o vi 36 mbn TMEM

(4

Fig. 4. The calibration plate is used to set the gauge to zero

We have made 3 sets of locating pins for the TMEM. A
recommendable procedure could be to first mark the posi-
tions with a compass, then drill a deep 5mm hole (which
will keep the pin threaded rod vertical in place) and in
the same hole position, drill a hole which has to be filled
with an epoxy-based glue. The measurement of rock sur-
face parameters was conducted on each sample by micro-
erosion meter TMEM as a basis to calculate erosion rate,
and to determine how the protrusions, rough or smooth
rock surface is.

The calibration surface is a granite brick with a rela-
tively flat surface (Fig. 4). Some pins are located on this
surface as above. Calibrations should have been performed
before each measurement. A calibration surface is also set
up with locating pins for TMEM equipment. This surface
is measured for calibration data before measuring a station.
The relative erosion value at each point of each station is
determined by the probable difference of measured value
and calibration value at that point. It means that the cal-
ibration surface is set at erosion value “0” and used as a
blank sample.

The measurement will be carried out in this calibration
surface and field stations. Some given points in measured
surface are recorded. For example, some results of one cali-
bration measurement are in Table 1 below.

On calculating the relative erosion rate and modeling
measurement, the data results were processed. In some gauge
stations, surface parameters are not possible to be recorded
(variable graph shows measured values with many horizon-
tal sections at a value of 0) due to the distance between the
probe and the surface of the sample is too large (maximum
distance is 5 cm).



Relative erosion values of calibration surface

Table 1

Point of calibration Relative Erosion Relative Erosion Relative Erosion Relative Erosion Mean Relative
surface Value 1 (mm) Value 2 (mm) Value 3 (mm) Value 4 (mm) Erosion Value (mm)
A1B4C1 3.463 3.488 3.476 3.458 3.471
A2B5C1 3.413 3.348 3.401 3.396 3.390
A3B6C1 3.264 3.269 3.256 3.258 3.262
A4B7C1 3.135 3.137 3.119 3.143 3.134
A5B8C1 2.963 2.915 2.877 2.951 2.927
A6BIC1 2.781 2.743 2.790 2.799 2.779
A7B10C1 2.632 2.640 2.635 2.631 2.635
A8B11C1 2.467 2475 2.467 2.483 2.473
A9B12C1 2.327 2.323 2.321 2.326 2.324
A10B13C1 2.118 2.161 2.164 2.180 2.156
A1B5C2 3.435 3.463 3.455 3.463 3.454
A2B6C2 3.329 3.332 3.246 3.320 3.307
A3B7C2 3.165 3.025 3.184 3.165 3.135
A4B8C2 3.030 3.020 3.039 3.024 3.028
A5B9C2 2.885 2.879 2.874 2.877 2.879
A6B10C2 2.729 2.720 2.724 2.748 2.730
A7B11C2 2.578 2.578 2.578 2.583 2.579
A8B12C2 2.408 2415 2.427 2.433 2.421
A9B13C2 2.238 2.277 2.255 2.281 2.263
A1B6C3 3.315 3.322 3.378 3.321 3.334
A2B7C3 3.216 3.240 3.242 3.243 3.235
A3B8C3 3.009 3.079 3.084 3.055 3.057
A4BIC3 2921 2.905 2.950 2.957 2.933
A5B10C3 2.827 2.825 2.831 2.828 2.828
A6B11C3 2.682 2.698 2.658 2.688 2.682
A7B12C3 2.543 2.538 2.502 2.536 2.530
A8B13C3 2.381 2.378 2.370 2.369 2.375
A1B7C4 3.261 3.202 3.250 3.231 3.236
A2B8C4 3.131 3.118 3.164 3.133 3.137
A3B9C4 3.043 3.044 3.043 3.040 3.043
A4B10C4 2.893 2.898 2.898 2.895 2.896
A5B11C4 2775 2775 2773 2.778 2775
A6B12C4 2.616 2.623 2.620 2.617 2.619
A7B13C4 2.464 2.461 2.443 2.461 2.457
A1B8C5 3.259 3.259 3.256 3.242 3.254
A2B9C5 3.129 3.157 3.130 3.138 3.139
A3B10C5 2.989 2,978 2.960 2.984 2.978
A4B11C5 2.849 2.858 2.859 2.852 2.855
A5B12C5 2.797 2.744 2713 2.706 2.740
A6B13C5 2.560 2.588 2.552 2.553 2.563
A1B9C6 3.211 3.213 3.218 3.117 3.190
A2B10C6 3.028 3.086 3.084 3.061 3.065
A3B11C6 2.946 2.945 2.943 2.934 2.942
A4B12C6 2.701 2.785 2.791 2777 2.764
A5B13C6 2.640 2.651 2.647 2.652 2.648
A1B10C7 3.164 3.167 3.133 3.124 3.147
A2B11C7 3.035 3.034 3.038 3.033 3.035
A3B12C7 2.890 2.892 2.886 2.890 2.890
A4B13C7 2.683 2.667 2.736 2.738 2.706
A1B11C8 3.133 3.136 3.138 3.133 3.135
A2B12C8 2.999 2.984 2.985 2.973 2.985
A3B13C8 2.823 2.835 2.813 2.843 2.829
A1B12C9 3.085 3.087 3.082 3.081 3.084
A2B13C9 2.931 2.929 2.932 2.926 2.930
A1B13C10 3.034 3.040 3.045 3.032 3.038




The formula for calculating the relative erosion value and
rate at each measurement point is as follows: Relative erosion
value of A time = Measured relative erosion value of n time —
Value of calibration surface of A time.

Relative erosion rate = (Relative erosion value at
A time —Relative erosion value at B time) * 365 / total
counted days from A time to B time).

Unit of relative erosion rate in the formula is mm/year,
Fig. 5.

Fig. 5. TMEM instrument is used to determine erosion rate at
some stations on limestone sampled in Cat Ba islands

Surface parameters of rock stations located in the Cat
Ba archipelago are initial results of the initial research of
weathered limestone of eroded Cat Ba islands by impacts
of rain, wind, sun [11]. Distributed areas of some stations
in the study include shallow zone, intertidal and sub-
tidal zone.

5. The results

5. 1. Characteristics of petrographic compositions

The analytical results of petrography of 3 grey limestone
sections of Pho Han Formation and Bac Son Formation are
the following.

Sample CB5, thin-bedded limestone of Pho Han Forma-
tion, is determined as heterogeneous recrystallized calcilith
(Fig. 6, a, b). Apparently, this sample is dark grey, fine grain
with dubiocrystalline massive structure and strongly react-
ed with hydrochloric acid 5 %. It is phenoclastic texture,
vector structure with mineral composition, including Cal-
cite 95-97 %, Dolomite 3-5 %, less quartz, carbonaceous
materials, and ore.

Sample CB10, dark grey massive limestone of Pho
Han Formation, in thin section dolomite limestone is
defined: dark grey, fine grain, dubiocrystalline, massive
structure and strongly reacted with hydrochloric acid 5 %
(Fig. 7, a, b). This section has opalescence vein, phenoclastic
texture and vector structure.

Sample CB12, light grey limestone of Bac Son For-
mation, are defined as white grey, fine grain, dubiocrys-
talline dolomite with dubiocrystalline, massive structure
and light reacted with acid chlorhidric 5 %. Mineral
compositions include dolomite 95 %, calcite 5 %, less ores

(Fig. 8, a, b).

Fig. 6. Micropatical calcite (cx), granulated calcite
and recrystallizational calcite: a — heterogeneous
recrystallizational (Nicol (+)); b — with clear face in
heterogeneous recrystallizational limestone bedded
metabasis (Nicol (+))

0S5mm

0.5mm

Fig. 7. Automorphic-granular dolomite (dl): @ — Micropartical
dolomite (dl), carbonaceous affected- granulated dolomite in
dolomite — calcylite rocks. Nicol (+); 6 — Rock background
mainly consists of micropartical dolomite, granulated
dolomite (dl) are interpenetrated by hydrothermal calcite
vein. Nicol (+)



Fig. 8. Automorphic-granular dolomite (dl): @ — with various
particle sizes in dolomite rocks. Nicol (+); b — with
aphanic — fine — medium size in dolomite rocks. Nicol (—)

5. 2. Erosion

Results of limestone weathering and erosion in Cat Ba
Islands on April 8th, 2015 and November 9th, 2015 are
shown below (Fig. 9, Table 2).

Station X2, X6 — Grey-white limestone of BacSon For-
mation.

Station Y1, Y5 — Siliceous grey-black of PhoHan For-
mation.

Station Z5, Z7 —thin-bedded grey limestone of PhoHan
Formation.
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Fig. 9. Column graph of relative erosion rates recorded
from some stations on limestone sampled in the Cat Ba
Archipelago on April 8th, 2015 and November 9th, 2015

It can be noticed that results of the relative erosion rate
on April 8th, 2015 are lower than on November 9th, 2015.
Total rainfall values counted from the beginning of the
study (July 1st, 2014) to the first measuring date (April 8th,
2015) and the second measuring date (November 9th, 2015)

are 980.2 mm and 2280 mm, respectively (Fig. 10). To-
tal rainfall value in the period from the first time to the
second time is 1299.8 mm. Therefore, the erosion rate of
limestone is strongly affected by changes of total rainfall on
the Cat Ba Island.

Table 2

Annual average erosion rate values recorded at 6 measured
stations on April 8th, 2015 and November 9th, 2015

Annual average erosion rate (mm/year)
Station
April 8th, 2015 November 9th, 2015
X2 0.1964 0.2481
X6 0.2537 0.2773
Y1 0.2691 0.2738
Y5 0.2573 0.2808
75 0.2092 0.2420
77 0.2759 0.2818
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Fig. 10. Total rainfall data on Cat Ba islands
(from July 2014 to November 2015)

The stations Y7, Y8 and Z1 are measured in recent dates,
on April 2016. For station Y7, the lowest erosion value point
recorded in Station Y7 is about 0.004 mm, respectively
2.28x10* mm/year, and the highest of 0.626 mm respec-
tively 0.357 mm/year. Average erosion value is 0.24 mm, so
the average rate of annual erosion in Station Y7 is 0.137 mm
(Table 3, Fig. 11). Thereby, we can see a big impact on the
speed of seawater corrosion of limestone.

In Table 4, the lowest erosion point A2B12C8 re-
corded in station Y8 is 0.081 mm corresponded with the
erosion rate of 0.203 mm/year, compared with the high-
est value 0.321 mm at point A6B9C1 and erosion rate
0.803 mm/year correspondingly. Average erosion value
is about 0.188 mm, so the annual average erosion rate at
station Y8 is about 0.509 mm. This high-level erosion rate
needs to be studied for a long time. Only station Z1 was
located in the surf zone, not in full-time study. It has been
relocated into the submerged zone after a first 10-month
period of the study (from July 2014 to April 2015. In
Table 5, the highest erosion value recorded in this station
was 0.624 mm at measuring point A4B8C2, corresponding-
ly erosion rate of 0.356 mm/year.



Measured erosion rate values measured at Station Y7 (on July 2nd, 2014 and April 2nd, 2016)

Table 3

Measured value (July 2nd, 2014) Measured value (April 2nd, 2016) Erosi .
) rosion rate
P01.nt of Average value Calibration  [Relative average| Average value Calibration  |Relative average value
Station Y7 (mm) (mm) value (mm) (mm) (mm) value (mm) (mm,/year)
(€)) (2 (C)) “@ (@) ©)
A1B4C1 4.555 3.733 8.287 4.332 3.753 8.085 0.115
A2B5C1 4.495 3.644 8.139 4.173 3.661 7.834 0.174
A9B12C1 0.762 2.754 3.516 0.653 2.740 3.392 0.071
A10B13C1 0.134 2.619 2.753 0.015 2.580 2.595 0.090
A3B7C2 3.887 3.487 7.373 3.682 3.419 7.102 0.155
A8B12C2 1.255 2.802 4.057 1.178 2.782 3.960 0.056
A6B11C3 2.666 3.073 5.738 2.586 3.032 5.617 0.069
A2B8C4 5.066 3.539 8.605 4.930 3.498 8.427 0.102
A5B11C4 4.028 3.160 7.188 3.446 3.116 6.562 0.357
A6B12C4 3.451 2.941 6.392 3.015 2.925 5.940 0.258
A7B13C4 2.806 2.881 5.687 2.414 2.818 5.232 0.260
A2B9C5 4.934 3.511 8.445 4.944 3.462 8.406 0.022
A3B10C5 4.737 3.378 8.115 4.647 3.327 7.973 0.081
A5B12C5 3.206 3.103 6.309 3.168 3.055 6.223 0.049
A6B13C5 3.374 2.985 6.359 2.861 2.920 5.781 0.330
A2B10C6 5.152 3.467 8.619 4.874 3.422 8.296 0.184
A3B11C6 4.941 3.333 8.274 4.995 3.275 8.269 0.002
A2B12C8 4.789 3.372 8.161 4.675 3.330 8.005 0.089
mm/year Station Y3 (Erosion)
1.000
0.900
0.800
0.700
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Fig. 11. Line graph of erosion trend recorded at station Y8
Table 4
Measured erosion rate values measured at Station Y8 (on November 9th, 2015 and April 2nd, 2016)
Measured value (November 9th, 2015) Measured value (April 2nd, 2016)
. Erosi at
Point of Average value Calibration  |Relative average| Average value Calibration |Relative average mf,:;z erd ¢
Station Y8 (mm) (mm) value (mm) (mm) (mm) value (mm) (mm,/year)
M (2) 3) (4) ) (6)
A6BIC1 6.360 3.164 3.197 6.030 3.154 2.875 0.803
A4BIC3 6.772 3.273 3.499 6.512 3.300 3.212 0.717
A5B11C4 6.451 3.072 3.379 6.296 3.116 3.180 0.497
A2B9C5 5.228 3.414 1.814 5.146 3.462 1.683 0.327
A2B12C8 6.259 3.288 2971 6.220 3.330 2.890 0.203




Measured erosion rate values measured at Station Z1 (on July 2nd, 2014 and April 2nd, 2016)

Table 5

Measured value (July 2nd, 2014) Measured value (April 2nd, 2016) Erosion rate
POi_ﬂt of Average value Calibration  [Relative average| Average value Calibration  |Relative average value
Station Y8 (mm) (mm) value (mm) (mm) (mm) value (mm) (mm/year)
(€)) (2 (G)) @ (@) ©)
A1B4C1 3.253 3.733 —-0.480 3.268 3.753 —0.485 0.003
A2B5C1 3.527 3.644 —-0.117 3.528 3.661 -0.133 0.009
A4B8C2 5.836 3.373 2.463 5.742 3.358 2.384 0.045
A4BIC3 5.481 3.327 2154 4.830 3.300 1.530 0.356

The lowest erosion value and erosion rate recorded at
measuring point A1B4C1 are 0.005 mm and 0.003 mm/year,
respectively. Recorded data is not enough for overall erosion
assessment at this station.

5. 3. Accretion
It can be shown that strong accretion occurs on the
surface station Z1 due to place in the surf zone (Fig. 12).

The largest value recorded is 0.722mm (point A5B10C3),
compared with the lowest value of 0.034 mm in point
A3B6C1. Therefore, the annual accretion rate at this sta-
tion ranged from 0.019 to 0.412 mm, corresponding with
0.195 mm/year in average, in calculation. This is a high-level
accretion trend with linear coefficient of determination R?
of 0.975. It should be monitored and investigated in a long
time to get more accurate results (Table 6).
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Fig. 12. Line graph of accretion trend recorded at station Z1
Table 6
Measured accretion values measured at Station Z1 (on July 1st, 2014 and April 2nd, 2016)
Measured value (July 1st, 2014) Measured value (April 2nd, 2016) .
; - - - - - - Accretion rate
Point of Average value Calibration |Relative average| Average value Calibration |Relative average value
Station Z1 (mm) (mm) value (mm) (mm) (mm) value (mm) (inm/year)
(€)) (2) ) 4) ) (6)

A3B6C1 3.729 3.506 0.223 3.783 3.527 0.257 -0.019
A4B7C1 3.510 3.388 0.122 3.593 3.408 0.185 —-0.036
A5B8C1 6.055 3.281 2.774 6.116 3.286 2.830 —-0.032
A6BIC1 5.623 3.145 2.478 5.749 3.154 2.595 —-0.067
A7B10C1 5.352 3.038 2.314 5.581 3.026 2.555 —0.138
A2B6C2 3.591 3.607 -0.015 3.885 3.602 0.283 -0.171
A3B7C2 3.494 3.487 0.007 3.789 3.419 0.370 -0.207
A5BI9C2 5.670 3.237 2.433 5.995 3.204 2.791 —-0.205
A8B12C2 5.029 2.802 2.227 5.509 2.782 2.727 —-0.286
A9B13C2 4.774 2.657 2117 5.253 2.640 2.613 —-0.283
A2B7C3 3.325 3.557 —-0.233 3.918 3.543 0.375 —0.347
A3B8C3 3.156 3.449 —-0.293 3.702 3.409 0.293 -0.335
A5B10C3 5.362 3.201 2.161 6.046 3.164 2.882 -0.412




6. Discussions

The erosion level is closely related to petrographic com-
position. Carbonate rocks are non-stable rocks and easily
eroded. The heterogeneity on petrographic, mineral, chem-
ical composition, texture and structure made difference of
expansion coefficient lead to rocks can be more easily de-
stroyed. In the Cat Ba area, there are mainly siliceous-inter-
laminated limestone and calcilith of Pho Han Formation and
dark grey limestone upward to dolomite limestone of Bac
Son Formation. Therefore, the petrographic composition of
rock controls erosion processes and plays an important role
in erosion study.

Rainfall is also an important factor that strongly af-
fected erosion processes on limestones. It can be shown
that results of relative erosion rate on some months in
the dry season are lower those in the rainy season. It is
also equivalent with the trend of total rainfall change
measured at Cat Ba Island — according to Cat Ba station
rainy months.

In Table 2, initial results show that the relative erosion
rate at the stations ranged from 0.196 to 0.282 mm/year.
Relative erosion rate value is the lowest at measuring sta-
tions X2 on April 8th, 2015 and the highest is at measuring
stations Z7 on November 9th, 2015 (Fig. 8), the average
value in comparison with previous study results, ranges
from £0.05 to £0.2 mm with average eroded level and from
+0.2 to +0.5 mm with strong eroded level [8].

In coastal areas and islands, not only erosion process
but also accretion process with subtidal and intertidal rock
occur. In data processing (Table 6), some negative values are
represented as accretion values in the rock surface and some
positive values — as erosion values. The research results also

recorded from the accretion process in tropical waves form
and form is always submerged stations like Y7, Z1.

Erosion values mainly are recorded at stations in shallow
and dry (on land) zone. The intertidal station also has been
eroded in some point on surface. Accretion values mainly are
recorded in the intertidal zone and subtidal zone.

7. Conclusion

In general, TMEM instrument with high accuracy and
precision, low standard deviation [4, 9] plays an important
role in erosion studies.

Average relative erosion rates in the study are quite high at
some submerged zone stations (about 0.5 mm/year, on average)
and quite low with some stations on land in comparison with
some previous studies all over the world (Alan S. Trenhaile,
2011) [10]. All results also show the influences of total rainfall
on the relative erosion rate of limestone on Cat Ba islands.

The relative erosion rate at the stations ranged from
0.196 to 0.282 mm/year shows that the average value in
comparison with previous study results, ranges from 0.2
to £0.5 mm with strong eroded level.

Accretion process also strongly occurs at the intertidal
and subtidal (submerged) zone with average annual rate of
0.195 mm/year at station Z1, quite strong accretion level.
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