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Fig.3 The flow chart of the exploratory modeling to reveal atoll
and underwater terrace evolution patterns, sediment sequence
characteristics, and hypsometric relationships
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Tab.3 Characteristics of atoll seafloor terrace sediment associated with different water depths

H=1 040 m H=2 080 m H=1 040 m H=2 080 m
S D S D S D S D
1/16 0.22 0.14 0.066 0.041 0.33 0.21 0.099 0.062
1/8 0.48 0.30 0.142 0.089 0.72 0.45 0.213 0.133
1/4 1.13 0.70 0.327 0.204 1.70 1.06 0.491 0.307
12 3.39 2.11 0.991 0.619 5.09 3.18 1.490 0.931
: H=1 040 m, 10 km; H=2 080 m, 20 km; =500 m, §=0.25x10° m%, P;=30 kg/(m*a); S=10"* kg/(m*-a),
; D=10"° mm/a,

x4 REBRMMTAERNIKSH

Tab.4 Circular distribution of deposition rates over the submarine terrace

0 /(mm/a) /(mm/a)
/(x10°® kg/m®) /(x107* mm/a) /(%107 kg/m®) /(x107 mm/a)
00 9.04 5.88 20.8 13.52
10 6.49 422 13.4 8.71
20 3.24 2.11 6.05 3.93
30 2.53 1.64 4.25 2.76
40 1.69 1.10 2.55 1.66
50 1.38 0.90 1.81 1.18
60 1.04 0.68 1.27 0.83
70 0.88 0.57 0.97 0.63
80 0.70 0.46 0.70 0.46
90 0.61 0.40 0.54 0.35
: H=1 040 m, 10 km, 1/2; =500 m, $=0.25x10° m?, P;=30 kg/(m*-a)
10° a R
5 , 5 ’ 5
5
, 10' pm/a , 2.3
9 b “ ? )
, 10 ka 23 ;
, , 500 m 60 kg/(m?*-a)
, 1/2 ,
1 pm, ) « 6

6 3
” R 10° m,



54

10° m®,

(Principaud et al, 2015, 2018; Busson
et al, 2021) ,

>

(Canals et al, 2004; Piper et al, 2012; Alves,
2015; Shanmugam et al, 2015; Babonneau et al, 2017)

2 km

0.1 mm

|

Fig.5 Schematic diagram of annual cycle deposition
characteristics of the submarine terrace near the outer slope
: =500 m, H=1 040 m, 1/2;

s

3.0r

SIRFAR*10°m’
N VI )
o v o o
T T T T

o
&)
T

o
o
T

0 2000 4000 6 000 8 000 10 000

NiE/a

Fig.6 Magnitude of gravity flow event and occurrence time that
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PROCESS-PRODUCT RELATIONSHIPS OF ATOLL DEPOSITION SYSTEMS: A
PRELIMINARY TESTING OF EXPLORATORY MODELING

GAO Shu

(Key Laboratory of Coastal and Island Development, Ministry of Education, School of Geographic and Oceanographic Sciences,
Nanjing University, Nanjing 210023, China)

Abstract The quantitative modeling of marine sedimentary system can be divided into simulation and exploratory
approaches, and the latter aims at establishing a continuous spectrum of sedimentary pattern and identifying new scientific
questions. In the present contribution, a methodological framework of exploratory modeling was proposed to determine the
definition domain of the independent variables contained in the governing equations, and then to define the range of
dependent variables. In combination with the sediment budgeting principle and an assumption for the atoll geometry, the
sediment transport and accumulation pattern over the atoll proper and its submarine terrace are predicted. Atoll is a unique
type of coral reef, and its top part provides almost all the source of materials for reef growth and accumulation on reef
slope and over the terrace. Results show that the growth of atolls is controlled by bioclastic production, and the extent and
deposition rate at the terraces are controlled by the suspended sediment flux off the atoll, which is in turn controlled by
water depth outside the atoll and the circulation of the ocean basin. The process of suspended sediment transport and
gravity flow forms the alternating deposits. The hypsometric curves predicted by the model can be compared with the
actual curves, to reveal the various mechanisms of the atoll evolution. Furthermore, the modeling output implies a number
of scientific questions for further research, e.g., the magnitude of atoll growth and its control mechanisms, the temporal
scale associated with the cyclisity of the deposits, the differentiation between the sediment gravity flows due to the coral
self-organization mechanism and those due to earthquakes and other extreme events, the diversity of atoll-terrace
sedimentary records in relation to the information on atoll evolution and environmental changes, and the influence of sea
level changes on the atoll living conditions.

Key words coral reef; material budgeting; geometric assumption; suspended sediment transport; gravity flow;

carbonate deposition



