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A study on sediment characteristics and transportation processes of carbonate sand
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ABSTRACT: Gimnyeong coastal dunes in Gujwa-eup, Jeju Islands, are a very important aeolian sedimentary
landforms based on its rarity and specificity among coastal dunes distributed in Korea. Most of the previous
researches on Gimnyeong coastal dunes have been focused on the development of large scale topography and the
time periods of dune formations. In this study, authors have tried to delineate the sediment migration processes
and the fractionation of carbonate particles in Gimnyeong coastal dunes. For this purpose, the sediment samples
were collected from the present dune surface along a sideline between Gimnyeong Beach and the location of 2
km inland. These samples have been used to be performed sieve analysis, particle identification and point counting,
scanning electron microscope (SEM) and X-ray diffraction analysis (XRD). As a result of the particle size analysis,
it was found that fine to medium sand grains of 1.0 to 2.7 ¢ accounted for about 81 to 92% (the mean size 0f2.08
®). While the mean size did not show a significant change in the dune area, the sorting became better toward the
inland, and the skewness gradually showed negative skewness, indicating the relative dominance of fine grains
in the landward. Most importantly, the separation of particles along the movement direction of the dunes was clearly
observed, and this is attributed to the inherent morphological structure between red algae and mollusks which
induced the difference in transport efficiency. Therefore, the results of this study suggest that the characteristics
of hydrodynamic behaviors according to the shape of carbonate bioclastic particles can be also applied to the current
aeolian deposits of Jeju Islands.
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Fig. 1. Geographical setting of the study area and sampling locations in Gimnyeong coastal dunes. (a) Aerial photo-
graph of the study area in 1969 (modified from National Geographic Information Institute, 2016). The inset figure
shows a rose diagram of wind directions. Colour in the diagram indicates levels of wind velocity. Note that it is
superimposed by distribution range of coastal dunes. (b) A topographical map of sampling sites. (c) A profile view
of transect A-A’ in (b).
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Fig. 2. The plots of weather conditions recorded at Jeju meteorological observatory from 1924 to 2022 (Korea
Meteorological Administration, 2023). Each graph shows time-series data during total period (a) and data for month-
ly mean values (b), respectively.
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Fig. 3. Photographs of sub-environments in Gimnyeong coastal dunes. (a) Gimnyeong Beach. (b) The foredune
located between Gimnyeong Beach and hind dunes. This is covered by vegetation on dune surface. The black arrow
in the inset photograph shows sediment accumulation by gravitational movements of sand grains. (c) A cross section
of hind dune. (d) A basalt outcrop exposed around the dune field.
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Table 1. Grain size parameters of surface sediments in Gimnyeong coastal dunes. The codes of all parameters for
each sample are based on Folk and Ward (1957) (ms = medium sand; fs = fine sand; mws = moderately well sorted;
s =symmetrical skewness; cs = coarse skewness; p = platykurtic; m = mesokurtic; 1 = leptokurtic; vl = very leptokurtic).

Site  Environment Mean (¢) Sorting (¢) Skewness Kurtosis
Value Code Value Code Value Code Value Code
GB0O1 Beach 1.88 ms 0.62 mws -0.10 S 0.78 p
GB02 Beach 1.86 ms 0.59 mws -0.03 S 0.75 p
GF01  Foredune 2.04 fs 0.67 mws -0.09 S 0.99 m
GDO1 Hind dune 2.17 fs 0.66 mws -0.09 S 1.28 1
GDO02 Hind dune 2.29 fs 0.64 mws -0.06 S 1.50 vl
GDO03 Hind dune 2.04 fs 0.64 mws -0.10 S 0.91 m
GD04 Hind dune 2.06 fs 0.61 mws -0.16 cs 0.92 m
GDO05 Hind dune 2.30 fs 0.51 mws -0.13 cs 1.49 1
GDO06 Hind dune 2.12 fs 0.56 mws -0.24 cs 1.03 m
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Fig. 4. The results of particle size analyses. (a) Grain size distribution. (b) Cumulative weight frequency curves.
The dashed lines indicate average lines for traction, saltation and suspension population in the beach and dunefield
environments.
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Fig. 6. Stereoscopic photomicrographs of the beach (a and b) and dune sediments (c~f). The codes of all components
for each sample are as follows: R = red algae; M = mollusk; Br = bryozoan; F = foraminifera; E = echinoid; Bf =

basalt fragment.
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Fig. 7. Photomicrographs for thin sections of beach (a and b) and dune sediments (c~f). The left side is for PPL
(plane polarized light), and the right side is for XPL (cross polarized light). The codes of all components for each
sample are as follows: R =red algae; M = mollusk; Br=bryozoan; F = foraminifera; E = echinoid; Bf = basalt fragment.
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Mollusk

Fig. 8. SEM-SE (secondary electron) images of main sedimentary components in Gimnyeong coastal dunes. a)
Overall shapes of six main components. White bars indicate the scale of 100 pum. The microtextures of carbonate
bioclast grains are indicated in (b)~(f).
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Fig. 9. Point counting results showing relative contents for each type of all sedimentary components. These are

presented toward landward sites from the beach area. (a) A result under thin sections. (b) A result under the stereo-
scopic microscope.
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Table 2. Main composition of surface sediments in Gimnyeong coastal dunes. The codes of all components for each
sample are as follows: R =red algae; M = mollusk; Br = bryozoan; F = foraminifera; E = echinoid; Bf = Basalt fragment;

Un = undetermined.

Site Environment Point counting method results Additional modal analysis results
Component (%) Component (%)
R M Br F E Bf Un R M Br F E Bf Un

GB01 Beach 56 14 15 7 1 5 2 41 23 25 7 2 0 2
GB02 Beach 52 15 11 8 3 0 10 57 14 18 8 1 0 2
GF01  Foredune 63 8 7 18 1 3 0 45 22 16 8 8 0 3
GDO! Hind dune 52 23 9 9 1 4 4 45 20 11 11 4 7 3
GDO02 Hind dune 36 25 5 9 1 20 5 43 25 7 9 7 7 2
GDO03 Hind dune 40 29 6 5 4 14 3 30 31 18 9 5 5 1
GD04 Hind dune 46 24 9 7 2 9 4 27 26 9 18 3 15 3
GDO05 Hind dune 39 30 7 5 4 11 4 36 21 19 15 5§ 2 2
GDO06 Hind dune 29 34 8 9 7 3 9 35 37 9 9 6 2 6
F= A 5~18%, T~18%%} 1~7%, 1~8%2] §=F  C2=T7PY 2 AT R e a4t ofeta
& AR slon], 49 A B AR T olme] WA W FFHoIE 5 Y4
© G ol PANEES AT ARAH A WS ZOR 448 AN Pashe AT B

Ao M2 o] 59 T Hdhe ol W2
T 7H] BERA dite fARN 23S 9A] Z3:
ol9o = AE 7| I U HHA HE A=
0~20%2} 0~15%71A] Uehw, H|& @8 5o| 2
L3 o|H Ao Aol A= SfRlECE AR
of o @o] Zte] o] Q)= A& YePGTH 2™ 9).
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43%-M B3 2

ARl ol XA A 23, arAe
F2 FATES QA2 ek A Rl
70 THTEE 2 eld 9 N okekt
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o152 AABRE F HH(peak)& FRHA Len
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A A4S AAlskE e, el 48.0~76.3%, oF
L0 E 7.6~40.8%, 7| A 7.1% ©]5}, 3
4 13.3% o]}, A 12.3% ©|3}, 4F 6.5% ©]
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7)ZK(transport mechanism)& j4lsl= 5 27t
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Table 3. Mineralogy of surface sediments in Gimnyeong coastal dunes. The values display the semi-quantitative
percentiles by Rietveld method through XRD patterns. The codes of all minerals for each sample are as follows:
Cal = calcite; Arag = aragonite; Ol = olivine; Px = pyroxene; Pl = plagioclase; Qtz = quartz; Hal = halite.

Site Environment  Cal (%) Arag (%) Ol (%) Px (%) PI (%) Qtz (%)  Hal (%)

GB01  Beach 76.3 11.3 0.7 5.9 1.2 2.1 24
GB02 Beach 67.6 7.6 6.5 13.3 2.0 1.1 1.8
GF01  Foredune 76.4 16.2 2.1 3.1 1.2 1.0 -
GDO1  Hind dune 49.7 21.1 4.7 5.6 12.3 6.5 -
GD02  Hind dune 59.7 343 1.0 1.9 1.2 1.9 -
GDO03  Hind dune 48.0 39.0 7.1 2.3 2.6 1.1 -
GDO04  Hind dune 64.8 24.6 1.6 0.5 5.1 3.4 -
GDO05  Hind dune 52.0 36.4 0.4 0.5 9.6 1.1 -
GDO06  Hind dune 53.8 40.8 2.0 1.8 0.5 1.1 -
a cal H Calcite
Arag @ Aragonite

Qtz
| @ B Calcite
. @ Aragonite
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Fig. 10. XRD results for bulk sediment samples from Gimnyeong coastal dunes. (a) XRD patterns showing main
constituents of calcite and aragonite. The codes of all minerals for each sample are as follows: Cal = calcite; Arag
= aragonite; Ol = olivine; Px = pyroxene; P1 = plagioclase; Qtz = quartz; Hal = halite. (b) Landward variations of
the semi-quantitative, relative contents among calcite, aragonite and the other components based on Rietveld
method.
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