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K 1 8 EKIE N TR (3 Gao Zhenzhong and Eriksson,1991)
Fig. 1 Internal-tide deposits in submarine channel (after Gao Zhenzhong and Eriksson, 1991)
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(a) Sketch of bidirectional cross-lamination in internal-tide deposits; (b) Rose diagrams of foreset azimuths in internal-tide deposits; (c—d)

sequences in internal-tide deposits: (¢) fine—coarse—fine sequence in bidirectional cross-laminated sandstone; (d) coarse—fine sequence in

bidirectional cross-laminated sandstone
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K 2 AR N TR (5 Gao Zhenzhong et al. |
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Fig. 2 Internal-tide deposits in submarine slope ( after Gao
Zhenzhong et al. , 1997)
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(a—b ) flaser, wavy and lenticular beddings in internal-tide
deposits; (¢ ) bidirectional graded couplet sequence; letters in

graph; F—flaser bedding, W-—wavy bedding, L—Ilenticular
bedding
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P 3 F i A BT (R SR N 5 NS & s 4 Gao Zhenzhong and Eriksson , 1991 3 fa 4l 45 , 2003 )
Fig. 3 Interaction internal-wave deposits ( superimposition of long period internal wave and internal-tide ; after Gao Zhenzhong
and Eriksson, 1991; He Youbin et al. , 2003)
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T FIORLI] 38 i SO 2 B ) b 7B 2 T 41
(a) sketch of unidirectional cross-beds and cross-laminations; (b) rose diagrams of foreset azimuths; (c¢) unidirectional cross-bedded and cross-
laminated sandstone with fine—coarse—fine sequence; (d) unidirectional cross-bedded and bidirectional cross-laminated sandstone with coarse—

fine sequence
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Fig. 4 Sedimentary structures generated by short-period internal waves in Xujiajuan Formation, Xiangshan Group, Ningxia
(a) FEFOHENE T IACREUZ (1 ~7) S48 )2 B0, M 2SS R K 5 (b) 5 BUR D 45 v 1 0 1) 2 5 0 238 Bk, HLAAT N H — BUR S5
(R %) SR B S A E I EH k) 5 (o) FIFFRFBA = 0TRF 51 | —%ERTIBUZ ; 1—251MIRUE ( Ta—Z 5 R IR,
I b—J IO s I—B IR IIRZ s A—HulRBUE R 05 s B— R G2 3 C— 3245 23 D— Il

(‘a) cross-laminations with offshootings (1 to 7) in calcareous siltstone, wave-knitted structure; (b) unidirectional cross-laminated lenses discordant

foresets (long arrow) and superimposed lenses ( short arrow) in calcareous siltstone; (c¢) tripartite sedimentary sequence of Xujiajuan Formation,
Xiangshan Group; | —dense flow deposit division; [l —traction flow deposit division( Il a—combined flow deposition, [l b—short-period internal-
wave deposition ) ; [—hemipelagic deposit division; A—massive or normal graded sandstone; B—combined-flow ripple laminations; C—cross

beddings ; D—shale
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Southard and Cacchione, 1972 ; Pomar et al. ,2012)
Fig. 5 Cartoon depicting the breaking of internal tides on

gentle slope ( submarine canyon; after Southard and
Cacchione, 1972 ; Pomar et al. ,2012)

(a) NI RCRE , TURW ) R D@ 3l (1) L o)) 5 (b) A
PRI, GUBW 1) R R I8 3l () 5 () A IR RER R 1F
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(a) sediment moves up-slope by the breakers of internal tides
(swash tun-up ); (b ) sediment moves down-slope by the
compensating return flow ( backwash); (c) breaking of internal
tides creates turbulence and sediment erosion, transport and

deposition under repetitive high-energy events
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Fig. 6 Scenario suggested for processes and products associated with the break of short-period

internal waves on a submarine sloping ( modified from Pomar et al. , 2012)
FERIRAT Fh1 A7 A R 957 L 5 AR IR 72 A S LA it 3l

the oscillatory-flow and alternating-flow generated by short-period internal waves is developed

in surf zone and swash zone respectively
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(a) bidirectional cross laminations for internal-tide deposits; (b) combined-flow ripple laminations generated by wave-flow interactions; (c)

unidirectional cross laminations for the long-period wave-wave interactions; (d) quasi-planar lamination ( short arrow ) generated by wave-flow

interactions to wave laminations (long arrow) generated by short-period internal-waves; (a) to (c¢) in Xujiajuan Formation, Xiangshan Group,

Middle Ordovician, Ningxia Autonomous Region, (a) and (c¢) are developed in Langzuizi, and (b) in northwest of Kanglabai; (d) in Jilin

Formation of Shuangqiaoshan Group, Neo-Proterozoic ( Xijiaban of Li’ an Village, Dongzhi County, Anhui Province) ; small insert in (a) and (c)

is rose diagram of the cross beddings, n is the data numbers; these all developed in deep-water environment
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Proposed Classification of Internal-wave and Internal-tide Deposits in
Deep-water Environment

LI Xiangdong' >’
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Abstract ; There are no efforts have been made for the classification of internal-wave and internal-tide deposits
for more than twenty years since they were discovered in the geological records. Here we try to propose a
classification of internal-wave and internal-tide deposits based on the types which were already discovered in
sedimentary rocks as well as the breaking processes of internal waves and its development research in physical
oceanography. There are nine types through three orders, which include barotropic internal-tide deposits,
baroclinic internal-tide deposits, barotropic short-period internal-wave deposits, baroclinic short-period internal-
wave deposits, contour currents interaction internal-wave deposits, low-density turbidity currents interaction
internal-wave deposits, long-period internal wave interaction deposits, standing internal-wave deposits and other
internal wave interaction deposits. The discovering internal-wave and internal-tide deposits in geological records are
attributed into barotropic internal-tide deposits, barotropic short-period internal-wave deposits and long-period
internal wave interaction deposits. And the other six types are still unrecognized. The classification proposed here
perhaps give a reason for the phenomena that internal waves occur nearly ubiquitously in oceans yet their
sedimentary records remain largely unrecognized. Furthermore, this classification is help for connecting the deposits
of internal-waves not only with its research in physical oceanography, but also with the oceanic unexpected events,

ocean circulation and astronomical period in geological history.

Key words: deep-water environment; internal-wave and internal-tide deposits; interaction internal-wave

deposits; short-period internal-wave deposits



