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RESRKIREMBMNTZEMZHEH, ASTHERKEL HERNE R BS X HEEE
£, KKFETAMTERALFFFINR. ZTRAEH-MSAETNEER, BRRRES
R AMAMAZHEERERNBED, LFERFEERHARLR Lm FTHSER
37 (Shepard et. al., 1973), X mAZERNILERELZBITH, EMIREANE (Inter-
nal wave) SEM. REE—FMKTE, EFETHMAREEMNKBENRE L, REET
BRAFEHEBEENKEZHN (LaFond, 1966). #EFIBE KFE P HENFELE, MENRME.
I8, B EERGEEERBAEL (Munk, 1981). HEMN—REFEENRY, B
HEMETXAWEBEE, WBAEY (Internal tide) (LaFond, 1966; Rattary,
1960), 1EMGIEBA PRI R — et E] Lk, SRHERAMSEREY ILEESEE
(B, BEENESANBX, XGRS EFEERINTHEME, E£58EFET 250m
i ESE T B #Isl A MASER DMK, WEEFEANFEE ST TFRERYHRE
H (Shepard, 1976). XFhZEAKIUR WS HFE —B K 20-50cm /s, BN IFEKBEKERN
%, XSRS RE A RS, HUERTXREEERCRBEHE, HE, £
AR 2 H S A d sk 8 A TR R DT RS

BT, A A SR BT B BT (L Rk v B 2R 20 TR K 1 R K TR B S B T iy



18

iR REN AT R 55 X R 2 A E PR P R 13

LBl (Gao Zhenzhong and Eriksson, 1991). ZA30¥ 753654 X B #b i 4% 2 FUTTRUAR 4 & 19
Bet b, FREIDCREYWIRER, FERRRAE, 261058 R RIS 8 & {1 i
HEFEHRE, UNMTELATHRKHMNZHIR, BEREHEALABKR.

Fig.1

30

M1

AL
cm/ s
5 o 5 B

e
]

13 JEC e 23 P A e 23 R b T 208 L B A G (] — 36 2 A 4K R TR B B R RTETEAW B K R

Time velocity curves of alternative up—and down-—canyon currents (after Shepard et al., 1979)

MhEgfEE TS ERYNENSRE GMEE BFELFAR. (A) HHEEXK (Huencme) #1428 Sy, K
WY 448m. (B) XREI14F (Sam Clemente) #% 123 SMyh, K& 1646, (H& Shepard ¥, 1979)
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Fig. 2 Characteristics of channel—fill deposits ir. the Fincastle conglomerate (date

from Karpa, 1974)
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(B) FEFBEMBMBE ! & (HBA+8a) FFE. WL h T 5T SE-NW BRI -2 #

Karpa, 1974 %5962,
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1 X ERR R

AXREKABY FUR R T B E 42T bk b B ih X b 2 B E B A
(Bays Formation) ®, SEME|EM T EREMIF FHT (Fincastle) KEHRERAL ]
(Dixon Construction) ¥k A% (B 2), JELEH.

tEmpgse, T BEES) (Taconic Orogeny), JLEHEG MR b sh KL%
TR TRIEE . HER, FRNRSHARKRRIMHEESR THRKEESEBE, £+ RN
e, BRI ETAFUEBRET R, 35 R R b XA T X A RE & 3 B R i A0

NHAERE FFERFERKOATENIE. BN EHN, FEME N ETRR
BiGs, Rbak VBT ARNTE, FELAFTAEFFHMX, WS RAKs". FF
HERENERKENTEE, B—-RYEFA-ARAKEEFRSA (B2), MEEKER
FERBIERAE R G A NW325° A4, MEFF C R BMm A ZLEE N
NW310° -NE10°, FH{EH NW330° Z£h. X3R5 R H R T B S RS &
1o} A 78 180 2 6 oy AR SR R — B

2 MBAEAE

FEFBREN WA EWE 3 FR, TSN S MEER. RELFIRAAE2Z -8
LR EEAWBAZASIHR, FREFaET IR, "TEIL

£1 FEEHREARB-KX

Table 1 Sedimentary facies in the Fincastle Conglomerate

e A B R | O (ER)
1 Y T BITILE £ -V
2 B 4R #R % & I.m
3 BERBEH - B £ I. I
4 REFREL WA i I
s SR 24 W » 1. m
6 REB - % I. 1
7 R BB TE % v

8 Wi BT A P B » v
¢ |(RETHRRTHOBI-ABLE| BUHARERNNRYIR | o I

SFRGERER O ML T 5 MHAS, WRMT:

e 1: M3te ZAGTEORBRAENEERSEHE (H3) ANRTEERAK
REEERAEHE (H6) MEBWR, TMARGIEH (M), REtEHRRF (A
3). KAGARMEBTFENHALIREBKEREIN. ZAGWRTHF FABRENS I
Bt. .
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mell: M3+ ZASTEREERAEEHE (H3) REETUAHE (1) A

RBBORAH (H2) RBLVBMBE. ZAAWRTHEFFANFEIE (B 3).
18510 M 4+HE 6+48 | 3 ply OB AR PR A9 X K R AR5 4

(A1 4). BEWAEN (H6) HMEEATANE (1) AR, FHh
RPEHR WS, BREWM EPAREME (H2). ZE62K
EHSHE FARARHA, FARELTRATHZF (F3),
REBTE LA, YEXEHZBHURXMAKERETA. %
HEHWR T BIE.

a4 IV: eI 1 FERINEY RER X6 LSRR
MEbEH (M8, PHXHEEMTHELH T A EE (18
9) ERETE (M) MEER, RHMEMHE. AT
MFHRUT, B, RAPHE, KXEGFEHF - L
., PEXEMEERRXNTY. ZASHRTENE (B
3).

w&V: M7 Z44xehBBRRAENHBERE (H7) 4
B, SHBELERE, RE, PROCHITHKE. BBEE
B, EFMEREYLA,. HBEATFEIRSHGR. 44
HMEBEVE (H3).

B ERATR, FREAGRER IBREFINEI - REHN M@ EEH
THEF, RR—-BTFHAN A WEXAKHREGR, B
BBEAAXESZHMHOSRE, ABWIRERTX—nMA
FEHRBRFATE, TTHEAREAN.

3 HERTAIKE

EABMPIRZ THEAREANER AR PRZ 4. MK
HEmaSABAPFaS&Mbads. 28 ENH BFEKNA
NBEY (WFE X Praenucula M1 Tancrediopsis; M 2 %
Bellerophontacean, c. f. Ectomaria. c. f. Liospira 7 i 2 3%)
MEBRREYANIY (BEFE Sowerbyellia, WK
Ambonychia?, —Lichenia;, R EXTBHwH, E&H, AR
M3 FERBREL #4iR) (B. Bennington, . AEMR, 1990). EMMAEWAHEE
MHARF A EREOHEIMBEFKEHEIREN L. SEFYNEYA
Fig. 3 Columnar AHAFE, XPHBERABKENESELFEARN (0—200m), M
section of Fincastle . RELEENREZVEY (WHRBELER) BRENTHEE.
conglomerate WH N Y BN FES (B. Bennington, F A iH,
EMPTrhRae s 1990). B, R BURHMFEHEARAKRY T 100m "
HITMENRmwre  200mm ZE., FFRFHFEPHMESAR BVE) dETH S
REZBEWMK. HEREES S4m. XEWEBEBERRR TENAEZ (AT Sdm
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WRRTTARNE A (K) RSEYHRSHBYHIREHUTHENHEERRE. €M
TR THEROFRE. SRBITRAEETIBUKEICRE 150m, W TFEBTAZ MY
WP IR R E N K § 204m. ETHEE LR, HERVMEE. FLEITIBHEHARHE
Bortr, HEENAREKEEZA.

4  NFIH T

L8N 4 BT (WA 3), EffRBREHITEME (R 1). BT HERMER
BHEAT R, R T 6 RRREMbR A, X Etrad LU T8+ AR E B
FHRAOEE, TR EETHBORE, RN XIH T 50 2N FITEENER (F
lem). WRAH SR ZEZAMT, 80U BB A, DR PR B R IR R Rk 4o

.
4.1 M6 3ZH IR &+
4.1.1 FFIERAR

ZAHLAE R AT E (NNW-SSE) HOHEAIFIE (K 4A1). EEHRANE R
AEZWEAR, FEEneE. XR3E, BEF04-0.75m. SHEEKRHFGATUEM
HEWB S, MBEESNEEAEIHYSR, HoaWB2aBABYTRE.

A4 ANBPIRREZEERN,

Fig. 4 (A)Stratification styles of internal—tide deposits. (B)Sequences in internal—tide deposits.

(C)Rose diagrams of foreset azimuths in internal—tide deposits
Al: WZHABABE, A2 BRTHENXHLELHE. (B) NEPFBEF. BI-B: HAXBHE.
Bl H4-€-MEF, B2 AmBlTHERF. B): REXER IHLAGHE, SHEITHE-H-HBET. (C) WYY
KXHE THAANRREEERE,. Cl: WHZHAERABEME, C2 £EAXEE KRUETRHADEHN.

ZH=ZRPAERE (#F0.6m & 0.75m) BaXmiEE, BZEE+HaE,. @ETY
¥H, B FRELEICAHEH T REM (B 4B2). 52 (F04m) RHERE, [
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EARE, 5 TR A (B 4B2). :
ZIDRRREAE R, HRFLE, BREE 8 0.5-2cm, FERESTM, BEREE
INET BN, FBRUSRHEAEYEE, BAWHENGEREY R T RIFA M EESDLE
B, RIANMaELNPOREIE (K 4A1 FH. B 5 FHRk+H B, BRI Z R B
HOH, FERBUR. BERIEE (F 4AL [ S). SCHS SR 1R 308 A B 7% %M B0 i L

FBBIEX A (NNW-SSE, WE 4C1), 58I AERm F M Erm—%, iy
AR R SO AE N [] AR, B, 7E—AJE 40cm WR S, BAASH T 68 K. Bk
BX, TW%(NNW)I%&E&LW%(%E)Eka~“(@4m)‘Wﬁ%E%Fﬂ
WEHRE R, 2YMHAKRE.

B S BRAREDE b (R3S 4t 5L, L%M&i@&@&ﬂﬂiﬁﬂ&ﬁﬂk% EE%@W% -
Rl 3% 3% SRS ISR AR, e B 4 0 34

Fig. 5 Bidirectional cross laminations in very fine~grained sandstone.

412 MREHEMmR

I BERLR I, XA A SRR A, BEARTTREIE R R, R T RE A
UUBL, DRI MR 1) 0 B0 0, T 60 D0 A 9 K T 2 980 A St 1
BE, ARG RS RRTTRE YR ERB LS (Stow, 1986), TiLMMAR .
ﬁﬁ%&@&ﬁ?%ﬁ%ﬁmOWWWﬁ,Eﬂﬁﬁﬁ%@ﬁﬁ?%ﬁﬁﬁ%@*ﬁﬁww
WA, BT TR AR S LA SR B v, A AR SCE | B BUR BRI 75
E,%%E%&w%mﬁﬁﬁ,WH%E&%%%R@E%@*W%%%&%M%MOﬁm
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KRR BRI E R AR, RATAERB B EECE B, T = B AR RN 0 2
fLid R T RRAREN T, XBAGELBRANASFMELL. Bi%HE SR EmRR
BRET L, MM REMBUA G, SOXA T EEMFTTRY SN BY SUE ™

.
42 BETHEMTHABh AR EHE
421 FFEHA

EEXMEE S, ZHIR—E, E10-13cm, HAREAATEAR B E. 4
BEHaWANE-H-4/2FHEE (F4B3). REAEAAXERE, BMEFYAERMERT
THEE: F-"AKAERRIHE, XETEFPHOPRSAET, ERE 2—5Scm.
HEHTH, MANT8 ", F_MNLAPLEN, XETEFM L. T, s 25k
NP EAR, BRE 1—2cm, AETH, W TRS. WBREMMA 15° —20° (B 4A2),
AR HEEREAE TR 4—9cm B TEEFH. MBI R
g, RESEEN, CHREHUERZ BN, BHREMGEZEYMEE T EKGERS B
(SSE, E4A2, C2).

ZES FEWCEZREHTEE, HTFREZMAE 30cm o B 2 dob & 8 2200 a H R
s, RIESA,

422 WMEME

R AR E R TN KERN EAERRS, ABMYEKEAYN. SEERNERN
i, AIEBIRKERTFRE., 0 ENKNZERS. EEREKER ERE. 6mFHK
KBRS, BRESRBRENMNE-wWEHEP, RAFEILERINIER
(Shepard, et.al., 1979). B 6 2 KiBR LA EMNLERINCROLH, EXHEILT.
WoKER EARRESIERER, TEM—ERENEKRSEE, mE T rORisEEs. 15

30 -~ = = e e =~ — = -~} om/3
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Hima F

Plo MREeprPiiwk fhigkm L E, @ T ke 38 i 5 it B ) — ot iy 2%
Fig. 6 Time—velocity curve of dominant upchannel and subordinate downchannel currents
(after Shepard er a/., 1979)
B EZHARREBEARY AR HFLELFR,
FEHH (Monterey) BEGH 58 B M4, KK 1061m (48 Shepard ¥, 1979}

BURBSIEAR; BREER/RIE M. A5 SHEERAE K ITSE, ASRE T
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LM FUR B 1 L MR mURME. SRS SXRE AV S, SEEER
NE 5 BRI A A B ER SR s BT e A TTAR. BT IR IR L BE B T AL S
SEAM, ZHEXETRE, BXEAME I RS B AR M E N Y.

5 PEY LRI BUAR 1 A A S AL

51 AFMITAHRORRFH

M mEE, YRR TARARBRSENE, XRAABMYIBRNERTEEN
ERIAIRM.

WMATFTR, FFRARGRE e TR THEF. €8 TBRAT RS, P&REHA
BRABEBRABL S, FNBRFEHADRTHRNSEEMRRANBPBFITRAR, @M
BNBEMIRYNEABIEDS, BFEdREUS4HR (B3). XHEEEHRZEFR
HTETELARE. B FETPE LA PEXEAXGERME. HRBZHBRTHRNER
LML, HUBZEEARX, XOEODREBEROTY RGN, BHEEGRR/D. FRAEX
F&GT AW A A S S n B FTTE.

BI. 0. MESREASYIENERITENTEE: L HBRYHNEFSREARIH
BEREAPBSGEHENE IRNBENEREE, 2LENAYTIIREBRIESR, BagEkn
mEEE R M. H, mmwrﬁriam&%gﬁvmxﬁ I HEE T R B MY
ing:2 N
5.2 MEYTUHA ¥ RIS IE

B TFURIARSES AR PIRAMNE AP I, 55k RCXBRABERREYIER#
fTd KERE, ENHIURYUNRE RENFR, X EEONAY RN EMNRE F
BETXZXPRMELES. RERECERBRYE, ENEEDTER T X RSABMP LA,
HA TR N Y TR R TERAKEEETUR D, S TREMNFHEIGER T 58 RKER
KRR, XU R AFIE R

LEB/KE E R EAeEmkE E AN CEIEREE, AERHTELXUNEE
ARIX T (B RFAE A 48 1) TR 1 S

2REAREFHR, BEFELUMBR AT,

3LEEENE BN AR AR F B,

4 IR HEM AR AT A4, BI—fm b TR/, Him LA,

5.5 Z AWt sh,

6.8 % BT My b AR R K 8 R BT T ER.

ERFESE AT AERRIIBARE, MEERMNEET (Stow, 1986). HI,
YEFINMP LR, LASEAEE ERKLE. B HMR, BAN MG KEE EHHE
B EENFW IR R EENRE, EAEHREANRRKE T H AR LR,
ZHEBEH NIRRT, RFFAR, BT HFRERTRNAEEERREN LR
fE. Wy, DEFAMEEHES, AHARIEZEXFTT.
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| ETFRImE e, SEKKEE RN IR EEX, aTHAE7A R, B 7AL
C RFEETHEAY, UEESERENRERAHRBHF NS B 7A2 ZREETE
L, YERBEFCERBAKX, HEBREAZIME, HE A AREEUBERNE
HRTY. FXEEREBTRKKE AL RN 2B TN T : O KEFEHEY
BB, ALTFRMGVmed, KEMBEYF b B8 WA & % B R K E s F iR
(B 8B1); @ 1 F#FE LI, TIARLE WD, AT 32 i BORL AT T A B3R
TR (E 7B2); ®¥ FHE4kst L7, HWERMWEHRITERFRRIRY, BLREEMLRE
RE AR R E, EAXHEABYSIENEKER LM FHZERIASGE (B
7B3); @K EEBFBUTHTEFTIE (& 7B4).

| BT AEIRTRER.
Fig. 7 Sedimentation model for internal—tide deposits. (A)Paleogeographic model (B)Sketches of

stage of channel infill
(A)Eﬁﬂﬂﬁi“\..Al:ﬁ}ﬁ?ﬁiﬂﬂ‘%,ﬁWJE’E)'Jﬁﬁﬁfﬂ?ﬂi;AZ:ﬁ*ﬁtﬂ,WﬁN&ﬁfﬂﬁﬁ‘. (B) XKEXHHBERE
H. Bl: #ERIERENE; B2 iﬂ’.ﬁ*ﬂ%ﬁﬂﬁfﬁiﬁﬁﬁﬁﬁ B3: AMPULENE; B4 IR B

R H:1991 412 H4 H
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Internal—tide Deposits in an Ordovician
Submarine Channel, Fincastle, Appalachians, USA

Gao Zhenzhong

(Department of Geology. Jianghan Petroleum Ianstitute)

K.A.Eriksson
(Department of Geological Sciences. VirginiaPolytechnic Institute and State University., USA)

Abstract

Current— meter data collected over the past 20 vears has revealed the existence of currents flowing
alternatively up and down most submarine canyons and other submarine valleys. These currents are attri-
buted to internal weaves that are subsurface waves between layers of different density or within layers where
vertical density gradients are present. An important kind of internal wave is that which has a period equal to
the semidiurnal or diurnal tide and referred to as an internal tied. Velocities of bidirectional deep—water cur-
rents range from 20~50 cm / sec. Such currents can move sediment up to fine sand and form a lot of ripplesat
depths of several thousand meters. Nevertheless, internal—tied deposits have not been recognized in the «n-
cient rock record. .

Recently, the authors identified evidence for internal tides in an upped Middle Ordoviciin
deep~water, submarine channel—fill deposit in Fincastle area, Virginia Appalachians, USA.

During late Middle Ordovician time, the Fincastle area was located on the southeastern slope of a
foreland basin. There was a series of submarine channels that were oriented southeast—northwest in the

paleoslope. The channel~fill deposits are dominantly various kind of gravity flow deposits. showing an u»-
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ward fining and thinning trend. The internal—tide deposits cap the up—fining sequence. Flute casts on the bot-
tom turbidite beds and ripple cross laminations defining the C~ division of Bouma sequences yield
paleocurrent directions towards NW325—330. A calculated paleowater depth are more than 204m.

Two internal—tide facies are recoginzed. .

1. Bidirectionnal, cross—laminated, very fine—grained sandstone facies.

This facies is composed mainly of very fine—grained, sublithic wackes and locally siltstones. Interbed-
ded with this facies are dark shales and thin turbidite beds. This facies is characterized by well-developed,
bidirectional ripple cross laminations that display high—frequency alternations of paleocurret azimuths. the
paleocurrent directions are towards SSE and NNW and these directions are parallel to the submarine channel
axes and correspond with up—and down—channel directions. A single bed of internal—tide deposit displays
symmetrical or normal grading. The characteristics described above indicate that this facies cannot represent
either turbidty—current or contour—current deposits. This facies is attributed instead to internal tides. Op-
posing paleocurrent modss may reflect either diurnal or semidiurnal tides. Grain—size variations with the lay-
ers of this facies record different maximum current velocities possibly related to Neap—Spring tidal cycles.

2. Unidireetiuual, Cross—bedded and eross—laminated medium— to fine—grained sandstone facies.

This facies is composed of medium— to fine—grained lithic wacke and displays symmetrical grading. Two
types of cross stratification were indentified. The first consists of tabular cross bedding and is developed in
the middle of a bed. Its grain size is mainly medium—grained sandstone. The second stratification type con-
sists of climbing ripple laminations and lies under or upon the tabular Cross bedding. It is developed in main-
ly fine—to very fine—grained sandstone. The foresets of two types of cruss stratification trend towards the
SSE. Obviously. this facies resulted from currents directed up the channel axes. Under conditions in which a
high—energy. long-period internal wave is superimposed on an internal tied, a dominant up—channel and

a subordinate down~channel current are produced. This facies is attributed to such a superimposed current.



