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Fig. 1 Typical geomorphological characteristics of cyclic steps ( modified from Wang Zhaoyin et al. , 2009 ;
Kostic et al. , 2010; Covault et al. @)
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(a) “Step—pool” system in the Shengou Creek of Kunming , Yunnan Province; (b)Small fluvial cyclic steps in the Banff National Park,

Canada; (c)The cyclic step bedforms and cross section of turbidite channel in the Squamish prodelta of British Columbia, Canada
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Fig. 2 The associated type of hydraulic jump with cyclic steps ( modified from Mulder, 2010; Cartigny et al. , 2014 )
(a) EBOKER (SRR < 88, BUR/KIRBE/NTERIG KIE) 5 (b) IEH /KER (ZAE = #68 , BV /KRR S5 FERE K IER)

(a) submerge hydraulic jump (kinetic energy < static energy,i. e. tailwater depth less than sequent depth) ;

(b) normal hydraulic jump (kinetic energy = static energy,i. e. tailwater depth equals to sequent depth)
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Fig. 3 The flow dynamics and bed deposition of net-

depositional cyclic steps ( modified from Kostic et al.,

2010)
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Fig. 4 The relationship between aspect ratios of cyclic steps
and slope gradient reported in various publications ( modified
from Dietrich et al. , 2016)
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Fig. 5 Extended bedform stability diagrams (modified from Cartigny et al. , 2014)
(a) Southard F1 Boguchwal (1990 ) £ & 14 [Elf# ; (b) Van den Berg 1 Van Gelder( 1988 ) fa & IH: [l fi# .
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(a) Stability diagram from Southward and Boguchwal (1990) ; (b) Stability diagram from Van de Berge and Van Gelder(1988).

The Shields Curve is an experimental curve for shear stress of sediment incipient
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Fig. 7 Upstream migrating gravelly cyclic steps in the Miocene Donkey outcrop of the Tabernas Basin,
Spain (modified from Cartigny,2012)

(a) Z2 1300 L 138 B DR B B 0] BB 4351 5 (b)) BRJERE [m] BB JER 2 AR U PR URE SRR (1) |
JERVZERE LD Bk (1D o Horp, (S ol T, 1 6 fE 208 )2 R T

(a) The general view of several upstream migrating spoon-shaped gravelly cyclic steps; (b) lower section are structureless clast-supported pebble

conglomerates( 1) , and upper section are medium- to coarse-grained sandy conglomerates with backset beddings (II). The white solid lines are

scouring surfaces, and the white dashed lines are the interfaces of bedsets
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Fig. 8 Deep-water cyclic steps and lithofacies distribution of related deposits

(Modified from Covault et al. ®; Postma and Cartigny, 2014 )
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Fig. 9 The cumulative flume experiment profiles recording the evolution of cyclic steps and anti-dunes
('modified from Spinewine et al. , 2009)
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Channel morphology, gradient

The Morphodynamics of Cyclic Steps and Sedimentary Characteristics
of Associated Deposits

TAN Mingxuan'>’, ZHU Xiaomin'?’ ,LIU Wei'?*’ | SHI Ruisheng '*’
1) State Key Laboratory of Petroleum Resource and Engineering, Beijing, 102249;
2) College of Geosciences, China University of Petroleum ( Beijing) , Beijing, 102249

Abstract: Cyclic steps are upstream migrating bedforms associated with slopes and cyclic hydraulic jumps
broadly including chutes and pools. It can be roughly classified into net-depositional or net-erosional one according
to the predominance of aggradation at the stoss side or erosion at the lee side. Cyclic step is a long-wave bedform
with the aspect ratio of wavelength to height over 10. Specially, the formation of submarine ( sublacustrine) cyclic
step is strongly linked with slope gradient. The forming slope gradient usually varies from 0.25° ~2°, while less
would exceed 10°. Their associated deposits generally show asymmetrical lenticular or spoon-shape in the
longitudinal section, and they are usually characterized by the occurrence of structureless or coarse-tail graded
bedding and backset stratification. The supercritical turbidities and large-scale, upstream migrating sediment waves
are most representative ones. This bedform is widely distributed in most worldwide depositional environments, thus
morphdynamics and sedimentological study is very meaningful for source-to-sink system as well as process and
product.

Keywords: cyclic step; hydraulic jump; supercritical flow; morphdynamics; depositional characteristics.
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