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ABs'mAcrr

    The paper deals with the directionai sole marl<ings of the Shimanto Terrain. The features
of severai sole marl<ings, zarhich indicate the stril<e of the current line or the sense of current fiow,

are described, and the method of measurement and the method of correcting are described and
discussed.

   Tlie four main directions of supply are observed in the Yomural<awa Muro Subgroup
(Oiigocene). One of these directions indicates tkat the current of supp!y came from the south
or southeast, and from this fact, it may be conc]uded that the cla` stics of the Muro Group were

sometimes supplied from the area situated to the south of the Shimanto Terrain, although lt is
now submerged by the Pacific Ocean.

IN'rRoDuc'yloN

    In the 195e's great interest was aroused in the various directional structures with

the remarkable development in the modern methods of analysis of sedimentary rocks

and the rapidly spreading popularity of the turbidity current hypothesis among geologists.

Especially in the iatter kalf of this period and in the 1960's, the directional structures

have become useful as the most common and most useful criteria of current direction

in fiysch facies.

    Recently, DzuLyNsi<i (1963; 1965), i` nd DzuLyNsKi and WALToAT (1963) have made

some attempts to expiain their origin in view of the known data concerniRg tke dynamics

of transportation and experimental data.

    The term "directional structure" of sedimentary rocks refers to all the structures

which may give any information on the direction ef traBsportation of rock particles

before their finai deposition and burial.
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    Although directional structures have long been kRown in Japan, iittle systematic

study has been made of them until recent years. KATTo (1952, l959, l961, l964)
described a part of these structures, mainly of tke Shimanto complex in Shikoku,

Southwest Japan, and ARAI (1957, l959, 1960) described the structures of the Tertiary

system of the Chichibu Basin, Northeast Japan. More recently, maps of sole markings

and other structures of the Upper Cretaceous Izumi Group of Åíhe Honshu Major Beit of

Shikoku, have been made by SvyARi (1965), and maps of those of the Mesozoic strata of

the Northern Belt of the Shimanto Major Belt of South Kyushu, by ]i5IAGAHAMA and

IsoMi (1965).

    The purpose of this paper is to iay tke beginning for a paieocurrent anaiysis, based

mainiy on the sole markings of the Flysch-like sediments of the Shimanto compiex
The descriptions are based on the Paleogene to Lower Miocene INiiTuro Group, but a few

examples from other rocks are also included. The number of collection of data and

errors resulting from the correction of data are discussed. Although the number of

measuremeBts ls still not enough, the directions of supply of the IM'uro Group are also

discussed.

Fig. l. Index map.
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                          CHApTER I. SOLE MARKINGs

    Some markings of various scales on the undersides of many sandstone and siltstone

beds are among the most noticeable features of the Flysch-Iike rocks of the Muro Belt

(HARATA, 1964). The bottom surfaces of the beds are characterized by curious int.icate

patterns where soft shale has weathered away. These sculpturing are in reality casts*
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on base of graded sandstone in the Yomurakawa
 Current from left to right. Taira, Honga-cho,
 Wal<ayama Prefecture.

of structures formed by various processes in the mud below and now filled by cemented

sandstone. These structures are commonly referred to as "sole markings" (KuENEN,

1957) or "substratal lineations" because of their striking orientation (PoTTER and

PETTiJoHN, 1963). Detailed patterns are rarely found on bed tops because of the

* The sole markings themselves are not casts but molds. Common usage, however, refers
   the sole markings to casts.
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gradual grading from sandstone to shale. Many beds also display internal structures

such as curreRt and convolute bedding.

    Such substratal lineations were reproduced experimentally by FvcHs (189S),

Rtici<LiN (1938), I<vENEN and MENARD (1952), DzuLyNsi<i and WALToN (1963) and

DzuLyNsKi (1965).

    Many investigators have observed and measurcd the orieRtation of lineations in

the Flysch facies and other sedimentary facies over the variolis ages. Because most

substratal iineations are arrangcd in Iines or have elongated syinmetrical shapes, Åíhey

display a marked linearity on bedding planes, which makes their measuremeRÅí possible.

rvlost features with linearitv indicate the strike of the current line or the sense of current

flow along this line. Especially, current crescent, flute, brush, some ef the bounce

and prod and frondescent casts often give the sense as well as the direction of current

flow. Almost all other structures described here are parallel to the current direction.

Some roci<s may show two or more Iineations superimposed on each other, as, for

example, where the primary current lineatlon is associated with a secondary iineation

owing to the intersection of very closely spacecl joints with the bedding p}ane.

1) Classification of sole marl<ings

    The directional current structures were classified in various ways by many authors

(VAssoEvi6, 1953; KsiAzi<iEvLricz, 1962; CRowELL, l9S5; KuENEN, 1957; KELLiNG and

WALToN, 1957; DzuLyNsm, 1963, 196S; DzuLyNsm and SANDERs, 1962a; PoTTER and

PETTiJoi{N, 1963, 1964; DzuLyNsi<i and WALToN, 1963; TEN ItlAAF, 1959).

    The classMcation accepted in thls paper is based on genetic principlcs already used

by Polish writers. Accourding to them, directional structures may be arranged into

two groups, namely external and interRal structures, and the external structures are

divided into sole and top markings.

    A classification of sole markings under coRsideratioR based on the time of formation

of the structure was proposed by VAssoEvie (1953, 1954). They are divided into three

categories, namely pre-depositlonal, post-depositional and syn-depositionai sole markings.

    a) Sole markings made prior to the arrival of the current which deposited the

covering bed (pre-depositional)

    b) Sole markings made at the interface between the mud and covering bed after

deposition of the covering bed. (post-depositional)

    c) Sole marl<ings formed by the passage over the mud of Åíhe curreRt which
carried Åíhe sediment that forms the covering bed. (syn-depositional)

    This division canRot be made so easily because it Js lmpossibie to designate the

sÅíructures clearly in term of their time of formation z,is-a-vis the time of deposition.

However, it may be convenient to adopt this division, where possible, because raaking
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clear the genetic process of the sole markings is one of the important purposes of recent

investigations of sole markings.

    In this chapter, the sole markings are mainly desÅëribed. Sole marl<ings made by

the current may be subdivided IBto scour ma?kings, for the marking of which the scourlng

of the bottom was responsible, aRd tooi marldngs, vLThich represent the result of contact

between individua! objects, the tools, Q, nd the bottom.

                   Table 1. Classificatien of directional structure.
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2) Scour markings
    Scour marl<ings occur in a iarge variety of shapes and sizes. The detailed morpho-

iogy of scour markings is controled not only by the pattern of flow withln the current

but aiso by any surface irregularity is and!or heterogeneities that may be encountered

within the bottom layer as scouring proceeds.

a) Flute cast
    The term "flute cast" is generally attributed to CRowELL (1955, p. 1359), although

lt appears to have been first used by RIcH (1951, pi. 3) in aplate caption. Under this

term are embraced structures called "KegelwUlste (FuGGER, 1899), "FIiesswUlste"

(HANTzocHEL, 193S), "ZaphenwUlste" (RijcKLiN, 1938, p. 96, fig. 1), "Iobate rill marl<"

(SHRecK, 1948, p. 131), "fiow mark" (RicH, 1950, p. 72)," scour finger" (Boi<MAN,

1953, p. 158, p!. Ic), "turboglyph" (VAssoEvi6, 19S3, p. 436, 6S), "scour cast" (KINGMA,

1958, p. 12, fig. 12), "voltex cast" (WooD and SMiTfl, 19S8, p. 192), etc..

    As desÅëribed by CRowELL, "fiute casts are sharp, subconical welts, one end of

which is rounded or bulbous Whereas the other end fiares out and merges gradually

wlth the surface of the sandstone layer."

    Flute casts in the Muro Group show features more or iess similar to those described
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by CRowELL, afid have great variety of size, shape and arrangement. Both sides of the

raised subconical ridge merge, not gradually, to the bottom surface of the sandstone

layeis (Fig. 3). There a, re, m some cases, narrow and shallovir furrows alQng the margin

at both sides.

                I '"
                              "-                       t                    ._l Llt ;t "'              ., l{-;• ll:liiiililllii9iiX}Ss. "Ei•r": ' h ' it.n"_H }.-,..".

                                  r.i{ t`..xtc.ffttw  ls '
   Lt
  1-

   ' 'i'
   l.-r": _sS "

F}) S ) :".:'.

ti

i

 tSL-t# "' ') ;j•iSr•

"d} fi"

   i ...rti 1:1

N :hr2;tLv
 )iZvJ'r.sH"t' .S,

 M V_Se   -= Lt _Lt-
h-vV t '2it6r'n'

 e- v. s. 'J'l?i;tt3e..
`kigLll.lils.;,kiSi,{ilj$\.'$tsa

'

lXli '3izlit2'( ;.:,`-E l;.IIk/X ge.,

'

llll'{.I'i;:'il.lt'wwi•s,iwaest'.v;its.ISite,:t"t:

    tJL          L

 afIJ',;"

;trS "

11""z'

-
d

  "-                '                                         ..ili.l,rl•ll<".;f'.i.,,•\ry_1;,;-;lti.",-.• rl. .

                                         X"kt- att-4 -                                          t hm t                                               s _b_                                                 e r"

       Fig. 3 Flute cast, a simple and somewhat highly raised subconical form
            with the rounded top Current fiowed from right to left. In
            the Yornurakawa Muro Subgroup (Paleogene) of the Muro Group
            Sample number O-62. (After a photograph).

    Variety m shape is as shown in the followmg types;

i) Flute cast (type 1), a simple and somewhat highly raised subconical form with

comparatively rounded top, whose ltp-current end is rounded or bulbous (PIate
IB; 8A) This type bears a superficial resemblance to "einfachen Zapfenwulste (simple

conical form)" (RVci<LiN 1938).

ii) Flute cast (type 2), a slightly raised subcenical form with comparatively flat top,

wkose up-current end is narrow and sharp (Plate IA; 2A, B; 3). This type bears a
superficial resemblance to "Flachzapfen (Sat trianguiar flute cast)" of Rvci<LiN (1938)

iii) Flute cast (type 3), a narrow elongated form; the ridge is fiat on the iower surface,

w{th rather steep sides; the length of the ridge is more than 15 cm, varying in width

from 2 cm to 3 cm (Plate 4 ;5). This type bears a superficial resemblance to "delicate

flute cast" (KuENEN, 1957, fig 9), "sludge cast"(WooD and SMiTH, 1958, p. 169),
" furrow fiute cast" (McBRiDE, 1962,p 57), "ri}l mark" (SHRoci<, 1948, p 123) and

" nbs and narrow creases" (DzuLyNsiu, l963, pl. XVIII-C).
iv) Flute cast (type 4), a raised finger-like form, both of the margmal side lines of

which are nearly parallei (Plate 6;17). Th!s type bears a superficial resemblance to
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" longitudinal sand ridge" (DzuLyNsi<i, 1963, pl. IV, fig. A), the fiute casts of•TEN }IAAF

(1959, p. 44, fig. 28) and Pettijohn 8e Potter (1964, pl. 57B).

    In generai, the fiute casts oB a given sole tend to form a group and to be of the same

size and much alike in shape. The features of each group may be close}y related with

the types of shape mentioRed above. The occurrences of eachtype are summarized
as foiiowing.

i) Flute casts (type 1), some of which overiap each other, are sporadically arranged on

a given sole. (PIaÅíe IB; 8A)

ii) :Flute casts (type 2), which are generally abundaRt, are arranged at brief lntervals

partly overlapping on a given sole. (plate IA; 2A, B; 3).

iX) Flute casts (type 3), having subparallei ridges, cioseiy spaced, rather slmilar in

size and somewhat wavy in outline. (Piate 4;5)

iv) Flute casts (type 4), which show a rather reguiar arrangement, crowding closely

together, in bunches with smooth surface in between, overlapping.

    'I{"he fiute casts may be distributed in some orieRtated pattern on a giveR sole.

In the Shimanto Complex of {he Kii Peninsuia are ebserved the "longitudinal pattern"

and the "diagRoal or oblique pattern" of the orientated patÅíerns recognized by

DzuLyNsKi (1963, p. 41, fig. 21). (Plate IA;3; 7)

  It was found in many cases that the flute casts and the other sole markings coexist with

each other on the same soie. The most common coexistence is that of fiute casts and

organic soie markings (biohierogiyphs), some of which cross the surface of fiute casts.

In rare cases, the fiute casts and groove casts constiÅíute somewhat contrasting assemblages.

An exampie, in which the flute cast (type 4 mentioned above) crowding ciosely on the

bottom surface of the sandstone beds coexists with large groove casts, was found in

the Hidakagawa Group (P!ate 17). The features of this coexisteRce bear a superficial

resemblance to those described by WooD and SMITH (19S9, p. 169) or shown by TEN 1{{AAF

(1959, p. 44, fig. 28). In the assemblages, the orientation of each cast is generally

slightly oblique. The oblique azimuths are less than 300, and coinclde appreximately

            Fig.4-A 0_, i5eM Fig.4-B
In Fig. 4-A is shown the small cross--stratification. Sample number O-62. In
Fig. 4-B is shown tl}e cQarsest material in segtipn pf fiute filling. Sample number
O-2-1.
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with the oblique azimuths beÅíween the respective vector mean azimuths of many fiute

and greove casts which were collected in a successive rock unit. (see Chap. II)

    The flute casts themselves may appear structureless, but, lf sectioned carefully, many

show a small cress-stratification and the coarsest materials of which a bed is composed

are commonly collected in the fiute casts. Usually on the surface of flute casts some

minor sole-marl<ings are found, vtrhich are parallel to the current and the orientation of

the flute casts.

b) Current crescent casts

    The term "current crescent" has been appiied by PEABoDy (1947) to the cast of

crescentic depressions which is scoured in front and at the side by various obstacles.

This structure kas been described by several writers (FiEGE, 1942 ; PEABoDy, 1947 ; RiCK,

1950; RADoMsi<i, 1958; DzuLyNsi<i and SLAczKA; 1958, l959; RUci<LIN, l938;IGcKEE,

1954; KsiAzi<iEwicz, 1961). For this structure has been used the term "crescent scour

cast" or "Hufeisenwtilste" (RVci<LiN, 1938).

    As described by PEABoDy, it is a small crescentic rounded ridge, commonly with

pit ln ceRter; crescent convex up-current. The cast of a horse-shoe shaped moat

eroded on the up-current side of an obstacle such as a pebble, shell, etc.

    Current crescent casts in tke Muro Group show a similarity but are greatly varied

iR size and shape (Piate 8B;9; 10). They are horse-shoe shaped or semicircular ridges,

 i']ptt ts'l:lij'r/:"1.;''.t-/-

l'/'

' E.

               o 5 10cm
Fig. 5. Current crescent cast with an cast of tool. Current flowed

 from right to left. On the bottom surface of sandstone of
 the Yomural<awa Muro Subgroup (Oligocene), west shore of
 Ot6 River, near Shizul<awa, Hongif-cho, Higashimuro-gun,
 Wakayama Prefecture. (After a photograph.).
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each bifurcated riclge of which vanishcs toward the lee side. The inside mo.oat or depres-

sion of the ridges is commonly excavated more deeply than the bottom surface, in which

are generally small ridges on the up-current side. On some soles, the up-current end of

the ridges have one or more shale patches. In rare cases observed, there are "multiple

crescent castsut`" , having double ridges, which are joined together in a part of the

up-cu 'rent side (Plate 8B). One sample of such multiple cre$cent casts have a tube-like

biohieroglyphs on the surface of the inside depression (PIate 8B). On a given sole, the

curreRt crescent casts are closely crowded in some cases and tend to be approximately

of the same size, shape and orientation and are much alike (Plate 9A); they vary from

sole to sole. In some cases, there are asymmetrical current crescent casts (Plate 10A).

Their asymmetry is represented by the different length of the bifurcated side'ridges, one

of which is shorter and broader thaR the other and showsabulbous end. 7his shorter

ridge is cleariy superimposed by a groove cast at the down-current end. There is
an example of a current crescent cast that is more developed than the others and forms

a fiute cast on the lee side (Plate 10D; Fig. 6).

Fig. 6. Schematic representatlon of the assembjage of
     the current crescent 'and the flute casts. IUI ridge;
     iil' depression.

    They range in size from S cm to 100 cm in length; most commonly they are 7 to

10 cm long. The soles yielding crescent structuyes are comparatively smooth because

of the scanty existence of other soie m.arkings. In rare cases, the current cresceRt casts

and the other sole markings constitute some assemblages. The sole markings assembled

oR a given sole ar'e the bounce, groove ancl flute casts and the very few problematic

hieroglyphs. The current crescent 'aRd the flute cast coexist oniy in the manner men-

tioned above. Current crescent is usually observed on the sele of the sandstone layers

$ DzuLyNsKx and SANDERs 1962, Table XIV, 3
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in the sand rich alternation of well laminated sandstones and shales. In the rock units,

which are represented by similar features and iRclude these structures, there are a

great number of tool markings aRd parting structures* and the so-called Paleodictyon.

(Plate 11; 12)

c) Fronclescent cast*X`

    The term "frondescent cast" was preposed by TEN HAAF (1959, pp. 30-31, fig. 15),

although this structure was first mentioned briefly by KuENEN (1957, pp. 255-256, pl. 2A),

who called it "cabbage leaves". Under this term are embraced structures called
" deltoidal cast"' (BiRi<ENMA'JER, 1958, Flg. 8.9, Pl. 21, p. 143), "feather-like hieroglyphs"

(KsiAzi<iEwicz, 1958, Pl. 5, fig. 1), "frondescent `furrow flute casting"' (M6IvER, 1961,

p. 168).

    As described by TEN HAAF, "the fiat casts are usually several deciineters long,

resembling certain shrubs or large cabbage Ieaves. They tend to occur in Iarge crowded

groups, often constituting a distinct level of their own a few centimeters lower thaR the

rest of tlte fluted or grooved bedding plane. FroRdescent casts may also overrun an

entlre sole a's far as exposed. The spreading "foliage" is always dlrected down--current.

The ends of many casts are slightly undercut, and separated from the bedding plane pro-

per by a wedge of mudstone."

    As desd'tibed by Kuenen, "It recalls a massive, large cabbage Ieaf or an aerial

photograph of soil erosion (as cast). Although the edges are separated from the sole

itself by a film of shale, the mLajor central part is indivisibly attached and forms an

integral part of the graywacke bed. The "stem" of the cabbage leaf points up-current,

the free edges down-current, as if they were pushed by the current into the underlying

rnud. The leaves have been found isolated or in great numbers, entirely covering a sole

with large fans."

    An example of the froRdescent cast was observed in the Muro Group. It bears a

supperficial resemblance to the structure meAtioned above. This sample has the mud

ball at the "stem" side of the foiiage (Plate 13).

3) Tool markings
    The term "tool mark" was proposed as a general term for all the marks which

were made by the coRtact of some object (the tool) and the bottorn. (DzuLyNsi<i aRd

SANDERs, 1962a, p. 72)

  "` Parting structures are not sole marking but internal structtires. They were first 'described
     by SoRBy (1856, p. 114) and called by the term C`primary current lineation" (SToi<Es, l947,

     p.21) or "parting lineation" (CRowELL, 1955, p. 1361).
  ** The prigin of this structure is problematic. It is mentioned here under scour marks
     with some doubt.
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a) Bounce cast
    The term "bounce casts" has been proposed by WooD and SMiTH (1957) for rather

short ridges widest and deepest in middle and fading out at either end. Structures of

the kind under consideration, have been described by many writers; HALL (1843),

DzuLyNsKi and RADMsKi (1955) and DzuLyNsKI, KsiAzKiEwlcz and KuENEN (1959).
    As described by WooD and SMiTH (1957, p. 168); "Bounce casts commonly occur
in myriads all over the base of a single bed ; groove-casts may occur with them, but strong

flute casts rarely do so. They are fine discontinuous parallel ridges usually diflicult to

see other than with inclined lighting. The deepest and widest parts always coincide,

and the mark fades away in both directions. There is a tendency for the deepest part

to be at one end, and though these marks are frequently parallel to flute-casts on adjacent

beds the steep end usually points in the opposite direction. In some instances there is

a transition from these marks to groove casts."
    In the Muro Group, bounce casts belong to the most common sole markings on the

bottom surface of sandstone layers (Plate 14; 15; Fig. 6). It is generally impossible to

tell whether the current came from one end or the others. However, the details of

Fig. 7. Bounce casts on base of sandstone in the Yomurakawa Muro Subgroup. Current
 from right to left. Kawayu, Honga-cho, Higashimuro-gun, Wakayama Prefecture.
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their feature show thaÅí the down-cuyrent end fade out !inore steeply than the up-current

end. On the surface of this ridges there are one or more strains parallei Åío their orienta-

tlon. They are various in size, 7 cm to 30 cm in length and 2 cm to 10 cm in width.

They are commonly asseiinbled with groove, prod and brush casts but not with scour

markings (Plate 14: 15).

b) Brush Cast
    The term "byush cast" was applied by DzuLyNsKi aRd SLAczi<A (1958, p. 231) to

bounce casts with crescent depressions at one end. DzuLyNs- aRd SANDERs (1962a)

used the term "brush marl<", which refer to imapct marks (RADoMsKi, l958), whose

longitudinal profile is gently curved, concave upward, and whose down current end

always shows one or more characteristic bulge(s) that formed in Åíhe mud and which

generally overhangs somewhat in the down current direction.

    In the Muro Group brush casts belong to the most common sole marl<ings (Plate

16). The undersides of many sandstone ancl siltstone beds of the Muro Group are

characterized by these structures. A semicircular depression or moat is excavated on

the dowR-current side being the cast of a mud ridge heaped up in front of the object as

it momentarily slicl along t}ie bottom. The crescent depression cast, therefore, points

down current. :["he depression of irnoat is not only at the up-current side but also

continues to either side of the ridge, narrowing and shallowing up-current. The side

depression is the counterpart of the mud ridge, which is heaped at the side of objects

brushing against the bottom whi{e carried by the current. The ridge of brush casts is
commonly longitildinal in shape, narrovgring and sloping up-current, and various iR

size. They range in size from 5 cm to 20 cm in length; most commonly they are from
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     I<awa )VIuro Subgroup (Oligocene). Current
     number O--83. (After a photograph.)

 Kawayu Formt{tion of
fiowed from right to left.

' SLXomura-

 Sample
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                      in the Kii Peninsula, Southwest Japan

7 cm to 8 cm long, and frorn 2 cm to more than 10 cm wide. Tbe ridge which is longer

in length or width, is commonly larger in its depression than the shorter ridge. In a

rock unit showing a uniforrn lithofacies, the brush cast and the other sole markings

show common assemblages. On a given sole, the brush casts are sporadic and commonly

coexist with tool markings but not with scour markings.

c) Groove cast
    The term "groove cast" is generally attributed to SHRoci< (1948). Under this

term are embraced structures called "mud furrow" (HALL, 1843), "drag mark" or

" slide mark" (KuENEN, 1957), "Schleifmarken" (SEiLAcHER, 1960) and "striation cast"

(PETTIJoHN, 1957).
    The general explanation suggested by HALL (1843) that they are due to the action

of current flowing over the surface upon which the subsequent deposits were laid down,

holds true for most cases.

    As described by SHRoci< (1948), "groove casts are rounded or sharp-crested rectilinear

ridges a few millimeters high and many centimeters long. The ridges are striking

because of their marked parallelism and constant size and particularly because they are

confined to the under surfaces of sandstone layers lying on mudstone. Two or three

sets usually differing somewhat in size andltransecting:one another, may be present on

the same surface."

Fig. 9. Triangular large groove cast on base of sandstone in the Yomurakawa Muro
     Subgroup.ifTaira, Honga-cho, Higashimuro-gun. Wakayama Prefecture.



li6 Tetsuro HARATA

Plate IA: Flute casts on underside of sandstone of the
 Subgroup (Oligocene). Note orientated pattern
 character. Current from bottom to tQp of picture.
Bay, I<ushimoto-cho, Higa, shimuro-gun, Wal<ayama

Yomurakawa Muro
  and overlapping
 West of Wabuka
Prefecture.

Plate IB: Simple subconical fiute casts on underside of sa,ndstone in the
 Hitakagawa Group (Upper Cretaceous?). Current from right to left on
picture. I<omata` gawa, Ryuzin-mura, Hitaka-gun, Wakaya` ma` Prefecture.
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118 Tetsuro HARA'rA

Plate 2A,B: Flute casts on underside of sandstone of the Yomurakawa
 Muro Subgroup (OIigocene).. Current from lower right to upper
 left. West of Wabuka, I<ushimoto-cho, HigashimurQ-gun, Wakayama
 Prefecture.

'
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122 Tetsuro HARATA

Plate 4: Fine-texture fiLite casts on underside of sandstone of the Yornura-
 kawa IYIuro Subgroup (Oligocene). Current from upper r{ght to lower
 left. Ful<uidani, I<ozagawa-cho, Higashimuro-gun, "Jakayama I)re-
 fecture.
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128 Tetsuro HARATA

Plate 7A, B: Flute casts on underside in the Yomurakawft, Muro Subgroup
 (Oligocene). Current frorn top te bottom. Shizukawa, Honga-cho,
Higashimuro-gun, X]Srakayama Prefectures.
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130 Tetsuro HARA'rA

Plate 8A: Slmple subconical flute casts on underside of sandstone in the
Ukekawa INtluro Subgreup (Upper Oligocene-Lower Miocene). Current
right to ieft. Maenokaxva, !Mikawa-cho, Higashimuro-gun, Wal<ayama
Prefecture. (Photograph by T. Tokuol<a).

l'late 8B: Multiple current crescent casts with shale patches.
 "biohieroglyphs" in the inside furrow. Current left to ri
 Honga-cho, I-Iigashirnuro-gun, Wakayama Prefecture.

  Note tube-like

ght. Shizul<awa,
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l32 Tetsuro HARATA

Plate 9 : Current crescent casts on underside of sandstone in the Yomurakawa
Muro Subgxoup (Oligocene). Currentfrom lower left to upper right.
Shizul<awa, Honga-cho, Higashimuro-gun, Wakayama Prefecture.



Mem. Coll. Sci. Kyoto, Ser. B, Vol. XXXII, No. 2 Geol. & Min., Art. 4, 1965 Pl. 9

30 cm

k
10cm

"f



134 Tetsuro HARATA

I'late

Plate

Plate

Plate

 IOA: Asymmetrical current crescent casts and small flute..cast on
 undeside of sandstone in the Yomurakawa Muro Subgroup (O]igocene).
 Current from top to bottom. Taira, Hengfi-cho, Higashimuro-gun,.
 VYral<ayama Prefecture.

IOB: Current crescent cast on underside of sandstone in the Yomura-•
 kawa MuroSubgroup(Oligocene). Currentfromtoptobottom. Shizu-
 kawa, Honga-cho, Higashirnuro-gun, VÅíial<ayama Prefecture.

 10C: I.arge current crescent cast on underslde of sandstone in the
 Yomurakawa Muro Subgorup (Oligocene). NTote the asymmetry.
  Current from top to bottom. Taira, Honga-clao, Higashimuro-gun,
 VYTakayama Prefecture.

10D: Current cresÅëent casts with flute cast. On underside of sandstone
  IIIigl",S,,i\,?iP.Egtwwka,,l',eeias5?E;gg,e,g9"gocene)• Taira•Hongu-cho,
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144 Tetsuro HARATA

Plate ISA, B: Bounce casts on underside of sandstone in
 Muro Subgroup (Oligocene). Current from right
 Hongit-cho, Higashimuro-gun, Wakayama Prefecture.
 O-83.

 the Yomurakawa
to left I<awayu,
 Sample number

"'/'
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a46 Tetsuro KARATA

Plac te 16: Brush casts on underside of sandstone in the Yomural{awa Muro
 Subgroup (Oligocene). Curroent right to left. Fig. A, B and C;
 Kaxnyra,yu, Hongtt-cho, Higashimuro-gun, VSTal<ayama Prefecture. Sample

 number O-83. Fig. D; Hikigawa Section, sample number H--23.
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150 Tetsuro HARATA

Plate 18A: Large groove cast on base of graded bed
 Subgroup (Oligocene). NQte side furrow.
 Higashimuro--gun, Wal<ayama Prefecture,

in the Yomurakawa Muro
 Shizukawa, HongU-cho,

Plate 18B; Two large groove casts
 Muro Subgroup (Oligocene)
 gun, Wal<aynt ma Prefecture.

on base of graded bed in the Yomurakawa
. Shizul<awa, Hongif-cho, Higashimuro-
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152 Tetsuro KARATA

Plate

I'late

Plate

l9A: Groove casts and bounce casts on base of sandstone in the Yonaura--
 kawa Muro Subgroup (Oligocene). Current from left to right. Shizu-
 1<awa, Honga-cho, Higashimuro-gun, Wakayama Prefecture.

19B: Groove casts on underside of sandstone in the Yomurakft{wa IVIuro
 Subgreup (Oligocene). Onachizal<i of Esumi, Susami.--cho, Nishimuro--
 gun, Wal<ayama Prefecture.

19C: Groove casts on underside of sandstone in the Yomurft, kawa Muro
 Subgroup (Oligocene). Ful<uidani, I<ozagawa-cho, Higashirnuro-gun,
 Virakayayama Prefecture.
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154 Tetsuro HARATA

Piate 20:

 in

 of

 Hil

 Tool marl<ing, groove and bounce casts, on base of graded sandstone

the Yomural<awa Muro Subgroup (Oligocene). Note three sets
 orientation and overlapping character. Sarnple number H-24.
<igawa Section.
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156 Tetsuro HARATA

    KuENEN (1957) proposed to use the term "groove cast" in a general meaning only,

afid the term "drag mark" for this structure. As described by KuENEN (1957), "drag

marks are long, even ridges on graywacke soles. In cross section they are rounded or

flat-topped or sharply crested, usually with many minor crenulations on the profile.

The profile in many cases is not symmetrical. The minor sculpturings normally persist

a as longitudinal striation over the whole length of the ridge."

    In the Muro Group groove casts are one of the common sole markings. They
show a similarity to the structures described by SHRocK (1948) and KuENEN (1957).

They range in size from a few millimeters to 15 cm in height. Although the length of

groove casts is usually not estimated, the longest one of them is more than 20 m long.

In one case, a groove cast was gently curved. The side furrows are usually observed

at either side of the groove cast (Plate 18A, B). The longitudinal striations are side

of the groove cast (Plate 18A, B). The longitudinal striations are usually observed over

the whole length of the ridges, being parallel to the orientation of the ridges and the

current (Plate 14; 18A). There are assemblages with other sets of groove casts and

brush, bounce, prod casts, in rare cases, with fiute and current crescent casts on a given

sole (Plate 14; 15B; 19A; 20). 0n several soles, the relation between the fiute and

groove casts shows that the Huting was earlier than the grooviRg, because the flute casts

were superimposed by the groove casts (Plate 17). The general parallelism of groove

and flute casts wiii be described in Chapter II or III.

                CHApTER II. ORIENTATION OF SOLE M[ARKINGs

    It has become apparent to many investigators that sole markings are the most

common aRd most useful criteria of current direction in Flysch facies. One of the

purposes of the present study, in addition te describing the sole markings and inquiring

into their origin, was to see whether the results of observations of some rock units were

consistent in the direction of supply. If the observations of each rock unit taken as

a whole gave a significantly uniform direction, then conclusions might be drawn
concerning thc bottom slope of the sea at the time of deposition, and the direction of

supply (CRowELL, 1955).

1) Method of measurement
    Substratal lineations include those which indicate the line of movement as well

as the direction of movement. The measuring, recording and mapping of linear
features, especially of sole markings, are less troublesome than of other directional

structures*. The general orientation of sole markings that have a plane of symmetry is

" Internai structures.
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easily determined by inspection and only one compass reading per bed is requiyed.

AImost all of the groeve, beunce and brusk casts and a part of flute casts observed

have the p!ane of symmetry. Moreover, groove, bounce and brush casts are more or

less elongate ridges with longitudinai, parailel strains and side furrows. In this case,

the strains, the crest Iine, the marginal line of the side furrows and thelr fianks were

measured. On the other hand, the measurement of some fiute casts is rather treuble-

some. In general, the cresÅí iine of the flute cast, which is not superimposed, conincides

with its axis of symrnetry in plan, but many overlapped fiute casts forming a group

are more or less asymmetrical in shape. IR the latter case, less deformed ones were

selected for measuremeRt. In rare cases, the symmetrical ridge of corrected typical

form was measured, aithough the resuitanÅí error might be negligibie.

    In making field observation, the rake or pitch (the angle between the line of strike

and the iineation in the plane of the bedding) of the structure was measured rather

than the prultge because rotating the observations back to the horizontal state is much

simp!er with the pitch than with plunge.

2) Determination of directioR '
    The direction of substratal lineations with the asyinmetrical features in form was

easily determined. The up-current end of the fiute cast is rounded bulbous, and
the dewn-current end ffares out to merge gradua!Iy with the straited bottom surfce of

tke sandstone bed. The up-curreRt end of the current crescent is ahorse shoe-$haped

ridge, and a litt!e narrowing and sloping depression is on the dovLrn-current side. The

down-current end of the brush cast is shown by aslight crescentic depression. The

down-current end of the bounce cast fade out more steeply than the up-current end.

3) Correction of data in tectonlc tilted strata

    As for the problem of direction from which the sedimeRts have corne, it is necessary

to correct the present attitude of substratal lineation suffered from tectonic shift and to

restore them to tkeir originai position. The directional structure may have rotated

about one or more of the three mutuaily perpendicular axes. The rotation given iR the

Table 2 is tlie rotation about tke horizontar axis oniy, that is, by rotating about the stfike

of the strata. The resultant errors by the rotation about vertical axes and due to tke

plunge of folding axes will be stated in the chapter "Conslderation".

    The directional measurements made ln the field, which amount to 243, are listed in

Table 2 and plotted as current roses in Figures 11 tkrough 14.

4) Measured data
    The four sections of the PaleogeneNLowest Neogene Flysch--like sediments
studied for this paper are exposed in the Northern and the Southern Subbelts of the

Muro Belt (HARATA, 1964).
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    The sections I and II are situated in the Northern Subbelt, and the other sections

in the Southern subbelt.

    Large--scaie geological map and route maps of the four sections are showR in Figures

10 and 13 and 14.

    The F!ysch-like rocks of Åíhe Muro Belt which reach a thickness of about 10,000 m,

consist of three maiR stratigraphic units; the Otonashigawa iower, the Yomurakawa

middle and the Ukekawa upper subgroups. Their lithological features have been

stated in previous papers (HARATA, Toi<uoi<A, MATsuMoTo, l961; HARATA, l964).

Recentiy, the auther and the other members of the I<ishu Shlmanto Research Group
have been investigated the Flysck-like rocks of the Shimanto Terraln, above all the

Muro Belt.
    The litho-stratigraphic and paleontoiogicai data obtakr•ed by them wi!i be published

in the near future. In this paper, the descriptioR of the Muro Group is followed as

stated in the previous papers (HARATA et. al. 1961;HARATA, 1964). Our recent studies

require to Åëorrect the our previous conciusions which have been published.

           Table 2. Field IVIeasurements of Directional Curyent Structures.

     I: Section
     II: Observation number
    III.: Stril<e and dip ef bedding (Ov==Overturned; Nr==NTormal)
    IV: Pitch (ra!{e) of substratai lineations (Clockwise)
     V: Bearing of lineation, rotated into horizontal, xxrhere sense from which fiow came
         is unl<nown.
    VI: Bearing to source of current, rotated inte horizontal, where sense from which
         flow came is known.
   VII: X; line of flow and pointing distinct (SE to NTW),S"CX. ; line of flow distinct,
        pointing doubtful (SE to iNW)
  VIII: Type of directional current structure.
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Figure shows the situations of each section (Geological map by T. Harata, 1964).
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Fig. Il.

Fig. 12.

Tetsuro

    N

HARATA

                $
CURREN:V ROSE DIAGRAM, WABUKA SECTION (Section I>.

                N

  
  
                  s
CURRENT ROSE DIAGRAI.VI, FUKUIDANI SECTION. (Sectlon II).
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                         CHApTERIII. CoNslDERtxTIoN

1) Origin of current marks

    J. HALL (1843a; 1843b) attributed the features listed here to the effect of curreRt

action on the bottom, but he did not determiRe the kinds of currents involved and the

mechanics of the origin of the marl<s.

    We agree with DzuLyNsKi and SANDERs (1962, pp. 84-85) that the type of bottom

plays a passive but important role in the origin of current marks, iargely influencing

preservation and only secondarily influencing the shape of marks formed, and that the

fiow conditions and sediment load constitute the main active causes that determine

the kinds of marks.

    The present research is not enough for coRsidering the origin of sole marks, and

the experimental results will be Reeded, but several facts, which are stated in the following

sec:'ion'r, may suggest something of the origin Qf sole marks.

a) Mixed assemblages of sole markings in successive sequence

    It is of IRterest that the directional structures in the same rock units pointapprox!-

mately in the same direction and nearly all the types of sole marklRgs !isted here coexist

in the same rock units. The similarity between the rock units is represented by the

thickness of alterRations, the mineralogic composition and the type of transiÅíion from

sandstone to the coverlying shale. The mixed assemblages of various sole mar}<ings

in any sequence are represented by the followiRg Åíhree cases; the predominance of

tool marl<ings in some sequences, the predominance of scour markings in other sequences,

and tkeir being mixed in still other sequences. This may demonstrate the fact that the

conditioR of the current flow, which produced various types of current marks on cohesive

mud bottoms, had been essentially unchanged through the sedimentation of the rock

unit and such a current had made various current marks on the same bottom. Although

on a given sole the current marl<ings (cast) teRd to be of the same type and are much

alike, they vary from sole to sole, aBd we contend that the "partial" flow conditions

(velocity, density, composition of load, thickness, direction) consititute the main active

cause of the kinds of marks.

b) Mixed assemblages of sole markings on a given sole

    The previous sectjons describlng tool markings and scour markings have lndicated

the conÅírast between these two extreme types. Scour marks by thelr overall shape and

detailed morphology suggest scouring of the bottom by the collective effect of sedimeRt-

laden turbulent eddies.

    TEN HAAF (1959, p. 37) suggested that grooves are the first bottom marks made by a
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turbldity current "in the earliest stage of eresion" for "excavation of fiutings by fluid

eresion takes some little time".

    In the Shimanto Major Belt, the relation between tke flute and greove casts shows

that fluting was earlier than the grooving. Our investigation into this problem has

been infiuenced by he attempts of GLAEssNER (1958), Hsu (1959) and DzuLyNsi<i and

SANDERs (1962a) to apply mechanics of flow to the different aspects of the marks pro-

duced. DzvLyNsKi and SANDERs (1962a) concluded that the linear marks are the result

of transportatioB of grains in the traction mechanism (in this case, the dominaRt

activity is saltation).

    We consider only scour marks to be the effect of direct erosion by the current.

Tool marks are due to the traction. Large-scaie traction transportation of sand may

occurs only when the fiow is turbuient (DzuLyixTsm and SANDERs, 1962a).

c) Overlapping feature of fiute casts

    In general, the fiute casts tend to form a group, and to overlap each other on a

given sole. The fiute cast on the up-current side is overlapped by the fiute cast en the

down-current side. The above fact demonstrates that the scouring condition was

shifted successive!y toward the lee side on the cohesive mud bottom. Accoiding
our experimcf}{al observation, we consider that the materials eroded on the up-current

side influence seconclarliy tke formation of this overlapping feature.

d) Time of origin
    As mentioned in the previous section, it is important to rnal<e ciear the genetic

process of the soie markins.

    The coexistence of "biohieroglyphs" is the niost common and most useful criteria.

In tke Muro Group, there are sonie soies, on which the sole markings are assembled

with the biohieroglyphs. The feature of these asserablages shows clearly that the sole

marks were former prior to the arrlval of the current which deposited the covering

bed.

    OR the other hand, there are other soies, on which the sole markings are not

assembied with the biohieroglyphs, in the Muro Group. In this case, it is hardly

possible to decide whether the soie markings were of pre-depesitional or not.

    As stated in the previous section, there is another criterioR to permit a decisioR on

the time of origin. It is the mixed assemblage of the sole marking on a given sole.

This assemblage is represented by two or three $ets of groove casts or the fiute and

groove casts. The preceedings sets of the former assemblage and the flute cast of the

latter are of pre-depositional.

    From these data, it is considerecl that the tool marks and the scour marks couid be

made not only by the passage over the mud of the current which carried the sediment
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that forms the covering bed, but prior to the arrival of the current which deposited the

covering bed.

    The further observations must be required on the time of origin, when the sole

markings were formed, as the above phenomena are related with the mechanism of
Åíormation of turbidites.

e) The change of curyent direction

    In the Chapter II, it is shown that the current directioR in the successive beds

changed in the order of member. Fig. 15 shows that there is a passage portion where

the current direction changed alternatively between the two members of differeRt

directions. It is of interest thaÅí each direction indicate exactly the same direction of

each member.

           Fig. IS. A passage portion where the current direction changed
                alternatively between the two members of defferent directions.
                Taira, Honga-cho, Higashimuro-gun, Wa!<ayama Prefecture.

    As the change of directions is assumed to suggest the difference of source area and

or the tectonic movement in the geosynclina! basin, the further observations should be

estabiished in the future.

2) Collecting data

    A close identity may be assumed between Åíhe general orientation of a sole marking

in outcrop is considered to coinclde with the orientation of tkat not available for

measurement.
    For testing the relation between the number of measurements and the accuracy,

the orieRtations of sole markings and parting structures avaiiable for measurement

were collected from each section as far as possible. The number of orieRtations of

substratal iineations measured was plural in nearly all cases aRd singular in rare cases.

The orientation on a bottom surface was given as a vector mean azimuth. However,
for a bed on which several sets were supeyimposed on each other were given a number

of vector mean azimuths.

    !n the case of one boÅítom surface and one rocl< unit, variability was measured

quantitatively by variance:

                                     n                               a2 === Z (xi-tw)21n
                                    i=i
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where xi is the individual azimuth, be is the vector mean of all measurements

the number of measurements (Table 3;4). The accuracy of the estimate of
diyection was measured by standard deviation (Table 3;4).

                Table 3. Consistency of Sample (one bottom surface).
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 and n

current

Sample
number

O-2
O-7
I-I-13'

O-17
H_14

O-3 I       [

n

5

6

7

le

13

14

 Table

a2

 7.16

 6.50

28.03

4e.s6

48.02

58.60

if

2.68

2.S5

5.29

6.37

6.93

7.66

i'
ttt't'

 4.995

  5.994
  6.970
  9.940
 12.905
 13.875

L

99.85

99.90

99.57

99.4e

99 27

99.11

Sole marl<ing

Flute casts

Flute casts

Flute casts

Groove, brush
Groove casts

Flute casts

and bounce

4. Consistency of Sample (one successlve sequence).

   section' K ll2 o' R L                                                                     Vecter
                                                                  mean azimuth
Fukuidani l """'"''' g"''""""""'''''''''''' 1""' 'ssi.g6 ''''2'g.76'''"'''""6"1'g'6''g"LL'""'L'g'il'o'7 ' soo27i(NE)

Wal<uba i 8 I 494.24 22.25 7.452 93.15 6004e'(SE)
Hikigawa (1) 11 ' 164.00 12.81 10.727 97.52 E17002'(Ni W)
Hikigawa (2) 9 6e4.85 i 24.S9 8.133 90.37 49054'(SW)

                                                                   630SO'(SW) Hikigft, wa (3)l 23 134.98 11.63                                                          97.55                                               22.535
            l                                                                   47050'(SE) Hil<igawa (4) 8 165.98 12.49                                                          97.49                                                7.799

gue•:."&'j sg iltgzi?;i 2ggl ;z.%gI :slgg 2;zs:1[N,gl

Ot5gawa(U) .. tttt i7 .......9.7.E:E.i..........3fil.6"i!..... 1.l.1.2gl. ... 991i4 840il'(NTE)

    According to REicHE (1938, p. 913), the consistency ratio in per ceRt (L), which is

the magnitude of the resultant vector in terms of per cent, and the vector magnitude (R),

which is the magnitude or length of the resuitant vector, are shown in Table 3 ;4.

                                      tl             S:[:.;.Ygl"2 [:g;:;grw-=arctann7iv]

                                      i=l

    Where x is the mid-point azimuth of the ith class interval, be is the azimuth of the

resultant vector, ni the number of observations in each class, n the total number of

observations.

The results are follows:

i) The consistency ratio of each bottom surface is more than 99 per cent. This indicates
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that be is extremely reliable. (Table 3).

ii) In the Hikigawa section, the grouped directions of each sequence show the high

consistency ratio; more than 90 per cent (See Table 3, Fig. 13). From this data, it is

coRcluded that the current direction is highly concentrated in a line, in eaclt successive

sequence.
iii) On Table 4, the consistency ratio of the Otf-Jgawa (Y), all measurements in the

Yomurakawa Muro Subgroup of the Ot6gawa Section, is 80-90 per cent, although the

data is not grouped. The well-grouped directions of the Ot6gawa Section are shown

with the high consistency ratio (Fig. I4).

iv) The directions of the Ukekawa Muro Subgroup, in the Hikigawa Section and the

Ot6gawa Section, may be divided into two genera} current senses.

3) Orientation

    In this sectioR, errors resulting from the correctlon of data are discussed. Before

the sedimeRtary direction can be measured as it prevailed when a bed was laid down,

the pretectonic situation must be reconstructed. Rotatory movements do affect the

primary directions. In sharply stratified formations such as the A([uro Group, three

kinds of rotation caR be considered; the shearing of the plaRe of stratification, disjunctive

rotatioR in the same plane, aRd vertical tilting or foiding.

    Tke importance of shearing and disjunctive rotation in the plane of stratification, at

aRy given locality in the Muro Group, is difficult or impossible to evaluate. The pre-

tectonic position, and therefore the original curreRt directioR, cannot be reconstructed.

In the tectonics of the ]Y{uro Group, however, shearing and disjunctive sliding may not

have been so strong in general. In this paper, the above two kinds of rotation have been

disregarded entirely.

    As for the tilted and folded strata, the initial geographical orientation as well as the

pre-tectonic subhorizoRtal position can be inferred from the visible tectonic situation.

    In Chapter II, the observed actual directions are turned back to horizontal position

by rotating about the strike axis. In this case, the azimutk of autochthonous bottom slope

is disregarded. Errors resulting from regarding the horizontal plane to be the auto-

ckthonous slope; the azimuths up to 200, causing a maximal error of less than 20, can

be disregarded for our purpose.

    It is generally kRown that, in areas where fold axes are plunging, rotation about the

strike may lead to considerable errors. Table and curves have been published, showing

the amount of these errors for differenÅí angles of dip and plunge (HAAi?, 1959, p. 7S;

NoRMAN, 1960, p. 339; RAMsAy, 1961, p. 89). The assumption underlying tkese
corrections is that "non-plunging fo}ds attained a plunge by rotatien about a korizontal

axis at right angles to the fold axis. CuMiNs examined errors resulting from plunge

gorregtion pn this assumption, if it i$ mistal<en. <l964, p. 167-173>.
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    In tkis section, the amount of axial inclinations and the errors introduced by rotating

abottt a horizoRtal axis at right angles to tke fold axis will be stated.

  In Wabuka, Fukuidani aRd Hil<igawa Sections, the amount of axial inclinations

measured by the geological mapping are 450 (NE), 250 (NE) and 100 (SW) respectively.

The errors induced by dlsregardiRg these axiai pitches are estlmated at less than 10, less

than 100 and less than 300 respectiveiy. If these axial pitches are allowed for, the

vector mean azimuths of general current senses or current orientations are as follows;

          i) Fukuidani
         ii) Wabuka
         lii) Kikigawa (1)
                 ,, (2)
                 ,, (3)
                 ,, (4)
                 •7 (S)

    In Ot6gawa Section,

obse.ved, it is assumed that

Uchikoshi

Su
area as a whole (HARATA, 1964,

larger than that in Hikigawa

pitch may be of the order

50027t

6eo4o'

17002'

49054.t

63050'

47050'

5300itt

---- l.

    >

nvww>

-   >
--

Slo

61o

13o

8eo

86o

78o

83o

(Å})

(:i::)

(Å})

(Å})

(Å})

(Å})

(Å})

[NE]
 [SE]

[NE]
[sw]
[NW]
 [SE]

[NE]

                    althouglt the occurrence of plung g structures is Rot actually

                        the Section is comprised the northern limb of the
       anticline with an easteriy pitch, because the tectonics of the Muro Northern

bbelt show the relative depression of the eastern and western parts against the central

                          p. 87). The amount of axial inclination may be not

                        and heRce the errors induced by disregarding the axial

                     of 3oo.

CHApTERIV. CoNcLusloNs

1) Uniformity and paralielism of current trends

    The observed current trends are recorded in Chapter II; their uniformity and
paralleiism are remarkable in any sequence and oR a given sole. ]N,Ioreover, it has been

shown that the observed trend of tool markiRgs is paraliel or subparallei to that of the

scour marking. Thus, we have reached the conclusion that in every good expesure there

can be found a single, at least excessively dominant direction indicating the path followed

by aeli, or nearly all, of the successive current.

2) Supply of clastic materials

    If it is to be assumed that the obsÅërved and corrected directions of sole markings

indicated the direction of supply, and that non-plunging folds attained a plunge by

rotation about a horizontal axis at right angles Åío the foid axis aRd that the shearing

and disjunctive s}iding in any bedding surface of the Muro Greup was not so heavy,
the result$ are a$ fQllow$,
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a) The suppiy of the sediments of the Yomurakawa Muro SubgrQup
    In Hikigawa sectioR, the measurements made in the lower part* of the Yomurakawa

Muro Subgroup indicate three main directions; the directions from the nearly north,

from the nea ly west aRd from the soutkeast. In Ot6gawa Section, those ef the middle

part* of the Yomurakawa Muro Subgroup indicate two directions of supp2y; from
the southeast and the nearly east. In Wabuka Section, those of the upper part* of the

Yomurakawa Muro Subgroup indicate the direction of supply from the southeast. In

Fukuidani SeetioR, those of the upper part* of Yomural<awa Muro Subgroup indicate

the direction of supply from the northeast.

b) The supply of the Ukekawa Muro Subgroup
    IA both Åíhe sections of Hikigawa and Ot6gawa, the direction of supply of the

Ukekawa Muro Subgroup is from the northeast andlor nearly east.

    Thus, the observed directioRs show that the directlon of supply changed according

to the time when the different sequences of strata had beeR deposited.

  The two directions, the nearly west and the neariy east, observed in some sequences of

the Yomurakawa Muro Subgroup are seemed probably to show the so-called `longitudinal

supply' aRd the otker two directions, the nearly north anci the southeast, to show the

so-called `latera! supply' (DuLyNsi<i, KsiAzi<iEwicz and KuENEN, 1959).

    It is of interest that the directions assumed to be longitudinal supply are in reverse

direction each otker and that the directions assumed to be latteral supply are not only

from the Rearly north but from the southeast.

3) Source area
    It ls of great interest tht coarse clastics of the Yomural<awa Muro Subgroup,

in any seguence, indicate the direction of supply not only from tke north, the southwest

or the northeast, but from the southeast. From these data, it may be concluded that tke

clastics of the M[uro Group were sometimes supplied from the area situated to the

southeast of the Shimanto Terrain, although iÅí is new submerged by the Pacific Ocean.

                           CHAPTER V. SUMMARY

    Tke puypose of this paper is to Iay tlte beginniRg for a paleecurrent analysis, based

mainly on the sole marl<ings of the Flysch-iike sediments of the Shimanto Complex.

Tke descriptions are based on the PaleogeRe to Lower Miocene Muro Group, but a few

examples from other rocks are also included.

1) Several directional soie markings, fiute, current crescent, frondescent, bounce, brush

and groove casts, are observed in the Shimanto Terrain and described in the Chapter I.

 * See T. HARATA (l964).
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2) Tke oyieRtation of sole markings is measured in the four sections, Wabul<a,

Fukuidani, Hikigawa and OtOgawa Sections, and each datum ls rotated about the
herizoRtal axis only and recorded iR the Chapter II.

3) Some facts which may suggest the origln of sole'marl<s are stated, and the consistency

of measured data and the errors resulting from the correction of data are discussed in

the Chapter III.

4) It is concluded that in every good exposure there can be found a single, at ieast

excessively doinlnant .direction iRdicatiRg the path followed by all, or nearly ali of the

       .successlve current.

5) In the Yomurakawa !Muro Subgroup, the current direction of supply is indicated with

four main directions; the direction from the neariy north, from the southeast, from the

p_early north and tke nearly east.

6) In the Ukekawa Mure Subgroup, the current direction of supply is indicatted
wlth the direction from the northeast andlor the nearly east.

7) It may be conciuded that the clastics of the Muro Group were sometimes supplied

from the area situated to the south of the Shimanto Terrain, although it is now submer-

ged by tke Pacific Ocean. (4, 5, 6, 7 are stated in the Chapter IV)
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