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SCOPE AND CO.NTENTS: 49 beds of ripple-drift cross-lamination were 

measured in the Ordovician Cloridorme Formation of Gaspe, Quebec. 

Most of the beds are Bouma C (cross-·laminated), sorn.e are BC (parallel 

lamina tion pas sing up into cross ·-lamination) and a few are AC and ABC 

types (graded bedding passing up into parallel and cross-lamination). 

Six climbing patterns have been recognised in the ripple-drift 

beds, namely: concave -upward, straight, sigmoidal, convex-up,vard, 

sinuous, and disconnected-irregular. Angles of climb range from 1 to 

44 degrees. Con1.monly the angle of climb steepens up through the coset 

to about 1/2 or 3/4 of the coset thic k ness and then gradually flattens 

out until the bed is plane. 

Measurements of wave length, amplitude, stoss -angle, lee-

angle , angle of climb and ratio of lee- to stoss-lamina thicknesses show 

that t h e wave length continues to increase upward, and the lee/stoss 
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thi ckness ratio decreases upward through the coset. The amplitude,and 

stoss- and lee-angles increase upward through that portion of the coset 

in which the angle of climb increases upward. Simultaneously with the 

incr e ase in amplitude and angle of climb, the shape of the foreset lami nae 

becomes progressively mor~ and n1ore sigmoidal. 

Dov-.rn-current changes in lamination types were recorded in 

several beds. The rnost intere s ting change is from parallel lamination 

down-cur rent into ripple -drift, continuing downcur rent back i nto p arallel 

lamination. 
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CHAPTER ONE. INTRODUCTION 

1. 1. Introduction 

Abundant fallout of grains from suspension, in a ripple 

system, enables each ripple to climb up the stoss slope of the next 

r i pple downcurrent, and results in the formation of the sedimentary 

s t ructure known as "ripple -drift eros s -lamination". · This will be 

shortened to 11 ripple -drift" throughout the the sis. 

Sorby (1859, p.l43) first used the term ripple-drift "for 

all stru ctures that are the effect o{ the action of ripples on drifted 

material". In a later paper (Sorby, 1908, p.l71-233) he conclude d 

that the production of this structure involves the depth and velocity 

of the current, the size, shape and density of the material drifted, 

the length and height of the ripples, and the rate of deposition. Further, 

on the basis of difference in structure (meaning different types of :ripple­

drift) he tried to "distinguish between deposits formed from deep water 

and those formed from shallow water" meaning thereby that in de e p 

water sand and mud are rippled togethe r and in shallow water, the 

ripples are composed of sand only. 

1 
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After Sorby, brief descriptions of ripple-drift (or climbing 

ripples) appeared infrequently in the literature until 1950. False 

bedding or pseudo cross-stratification described by Spurr (1894) 

from glacial outwash plain deposits, show s t rong concentration of very 

coa rse material (pebbles and gravels) in the troughs. Walker (1963), 

however, i s of the opinion (quoting Jaggar, 1894) that this false bedding 

and the ''compoun d cros s -bedding" of Gilbert (1899) probably owe their 

origin to ripple migr ation. After Spurr, -Woodworth {19 01) described 

0 
some steeply clin'lbing (about 40 ) sets of ripple-drift showing sele ctive 

accumulation o£ mica on the lee face of ·the ripples. Bucher (1919) used 

the term for 11 a small scale pattern of cross-bedding" and referred the 

reader to Sorby (1908). He implied that climbing was involved in this 

small scale pattern of cross-bedding. 

McK.ee {1938, 1939) has illustrated steeply climbing (about 

30° -40°) ripple-drift from the Colorado River delta and the flood plain 

deposit s of the Colorado River. According to Allen (1969, p. 121) these 

"appear to have been generated by the steep climbing of small scale 

lin guoid ripples ' 1
• 

Ripple-drift cross-lamination occurs commonly in fluvia-

ti l e deposits (vValker, 1963; Allen, 1963; DeRaaf et al., 1964; Colen1a.n 
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et al. , 1964; Friend, 1965; McKee, 1965, 1966; Coleman and Gagli ano, 

1965; Davies, 1966; Jopling & Walker, .1968). Hov;ever, this the sis will 

be restricted to the ripple -drift which is comrnon in many turbidite 

formations. 

1. 2. Ripple-drift cross-lamina tion in Turbidites 

Rather exhaustive field ob s ervations supplemented by experi­

mental studies (Kuenen and Migliorini, 1950; Kuenen, 1951, 1965, 1966, 

1967; Middleton, 1966a , b, 1967a, b, c) · and simultaneous theoretical 

interp1·etations (Bagnold, 19 62; Sanders, 19 63, 1965; Walker, 19 65; 

Scheidegger and Potter, 1965; Walton, 1967) have helped to maintain a 

rapid pace in the growth and development of the turbidite concept since 

1950. Works of Dzulynski and VTalton (1963), Dzulynski (1965, 1966), 

Dzulyn.ski and Sin1.pson {l966a, b) and Allen (1969) lead to some uncl~ r­

standing of the for1nation of sole structures. Bouma (1962) recognis ed an 

ordered sequence of internal sedimentary structures (fig. 1) in son1.e 

turbidites. Walke r (1965) and Harms and Fahnstock (1965) subsequently 

interpreted the sequence in terms of flow regime. 

The occurrence of ripple-drift cross-lan1.ination in the C 

division (division of current ripple and convoluted lamination; attribu-

table to deposition in ripple regin1e) of Bouma (1962), has been reported 

by ver y many workers (Sorby, 1908; Kuenen, 1953,· 1967; Allen, 1960; 



FIG. l . 

The complete sequence of division in an ideal turbidite, 

modifi ed fr?m Bouma (1962) by Walker (1965, fig. 1, p. 2). 

Division A: attributed to formation in the antidune phase of 

bed transport. 

Division B: attributed to formation in the plane -bed phase 

of transport. 

Division C: attributed to formation in the · ripple - bed phase 

of transport. 

Divisi"on D: deposited from suspension with little bed-load 

movement. 

Divis i on E: formed by norm·al pelagic deposition. 
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Wood and Smith, 1959; Prentice, 1960; McBride, 1962; Bouma, 1962; 

Sarrlers, 1963; Dzulynski and Walton, 1965; Reading, 1963; Walker, 1963, 

1965, 1969; Jopling and Walker, 1968; Enos, 1969a, b). Experimental 

studies on the production of ripple-drift have been made by McKee (1965) 

and Kuenen (1966, 1967). 

Many of these and other published works on turbidites, 

however, include only a brief or superficial description of ripple -drift, 

along with one or two photographs or diagrams. 

tative data and even less experimental data. 

There is little quanti-

The most important turbidite ripple-drift literature consists 

of papers by Sorby (1908), Kuenen (1953, 1966, 1967), Walker (1963, 1969), 

Jopling and Walker (1968), Sanders (1963), McKee (1965) and Allen 

(1970b). 

Sorby (1908) described in detail the ripple-drift cross­

lamina tion of the Langdale Slates (Ordovician, English Lake District) 

and included two good photographs (his plate No . XV and XVI). Some 

of his observations have already been mentioned. Points to be noted 

here are (i) the extremely fine grain size of the material, (ii) high 

'concave-upward' and 'stratight' angles of climb and (iii) signs of 

erosion of the stos s side laminae in the lower part of the co sets. 
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Kuenen (1953, pl. B) described ripple-drift from the 

Gaml an Flags (Barmouth, Wales) and noted simultaneous upward growth 

and forward travel. He summarised his observations in a later paper 

(1967), where he included three figures (his fig. Nos. 4, 6, 7) illustrat-

ing ripple -drift eros s -lamination from Pliocene rocks of the Ventura 

Basi n, California, and the Portobello and Gamlan Flags (Lower 

Paleozoic of Britain) respectively. He noted that the angle of climb 

in t h ese cases varies from 4° to 4 5° (average about 12° = 1 in 5), and 

the grain size is usually between 150 and 501--l (i.e. coarse silt and fine 

sand). He further quoted some other good examples of ripple drift 

in f lysch (Ballance, 1964, fig. 8 and Crowell et al., 1966, fig. 18). 

Kue nen (1967, p. 219) also notes that "J.R. Boersma made a f i eld 

stu dy of ripple in 'turbidites' (personal communication) and found 

practically nothing but cliTnbing ripples". This is not the experience 

of Walker (personal communication), who has detailed measur eme nts 

of 16, 000 beds. 

Walker (1963) originally distinguished three types of ripple -

-
d r ift which he as signed to different environments. In a second paper 

(J opling and Walker, 1968) a revised and genetic classification was 

given based upon the ratio of fallout from suspension to bed l oad moved 

by traction. 



This ratio will be referred to throughout the the sis, and 

can be considered as: 

Rate of transfer of suspended load to b e d load 
Rate of bed load transport 

Type C of Jopling and Walker's classification is believed to be formed 

by turbidity currents. In a third paper (Walker, 1969), the geometry 

of ripple-drift cross-lamination was analysed. From the field data 

7 

and some other available data from the literature, it was shown that the 

ratio of thicknes.s of the stoss-side and lee-side laminae is the single 

most impor~ant factor (the other being stoss-angle) that controls the 

angle at which the ripples climb. Walker also noted that higher angles 

of climb are generally associated with thicker cosets. 

Simultaneously with Walker's 1963 paper, Sanders (1963) 

published a theoretical approach to the problem of forrnation of primary 

sedimentary structures. He envisaged that the difference b e t w een 

suspension and traction is reflected in the gross structures that res u lt 

from deposition by (i) tractional shi fting of sand in ripples with no sand 

fallout from current and (ii) tractional shifting of sand in ripples during 

sand fallout from current (s e e his fig. 1). The second process l eads to 

the formation of ripple -drift. 
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The work of Sanders was followed by the experimental work 

on ripple-drift cross-lamination of Kuenen (1966, 1967). He determined 

the rate of ripple migration experimentally in a circular flume. Relating 

the migration rate to the current velocity and the angle of climb, he tried 

to show· that the rate of upward ripple growth in turbidite ripple -drift 

beds is about 0. 1 em/min. 

Earlier experiments on the production of ripple -drift were 

published by McKee (1965). He used a wave tank, with a combination of 

wave action superimposed on unidirectional flow, and the resulting 

patterns of ripple -drift, not surprisingly, were very complex. However, 

he observed that the angle of climb is higher with weak currents and lower 

with stronger currents, and he also noted that water depth and current 

strength are the two main factors that cause an increase in the si z e of 

ripples upward through the bed. 

The most recent contribution is the theoretical work of 

Allen (1970b). He proposed a quantitative model (see fig. 40) of climbing 

ripples and predicted several spatial patterns of climbing ripple e r os s­

lamination types due to varied flow conditions. The model, in essence, 

is a theoretical treatment of the genetic classification proposed by 

Jopling and \\Talker (1968), incorporating the experimental work of 

Simons et al. (1965) and Bagnold (1966). 



9 

.1. 3. Non-climbing cross-lamination in Turbidites 

" / In the Clori dorme Formation (Ordovician, Gaspe, Quebec), 

and in the examples of Kuenen (1967, p. 218-19), · ripple-dr ift cross-

lamination is commoner than non-climbing eros s -lamination. However, 

Walker (personal communication) could not confirm this relationship 

from his experience, a n d mentioned that in many sequences (e. g. the 

Upper Devonian of Pennsylvania, Maryland and New York State) 

non-climbing ripples may be very common and ripple-drift cross -

lamination completely absent. 

The non-climbing ripples generally consist of single sets 

of cross-lamination or a few sets of irregular and truncated cross-

lami nat ion. These cosets may occur singly or on top of either a 

grad ed bed or a parallel laminated bed. A characteristic feature of 

these beds is that the thi ckness of the cosets does not exceed 3 i nches 

and rarely exceed 1 inch (Hsu, 1964, p. 379). The sands and silts are 

sometimes found to be better sorted than that of the associated graded 

beds. The cross-laminated sands may sometimes occur in discontinu-· 

ous patches and may contain a deepwater fa~na mixed with a transporte d 

fauna. 

The occurrence of these beds in turbidite sequences has 

been re ported from the Ordovician Martinsburg and Devonian Trimmers 



Rock Formations of the central Appalachians (McBride, 1962; Mciver, 

1961), the Mississippian and Pennsylvanian Stanley, Jackfork and Atoka 

forma tions of the Ouachitas (Cline, 1960); the Pennsylvanian Tes nus 
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and Haymond formations of the Marathon Basin (Cotera, 1962; M c Bride, 

1966); the Mesozoic Franciscan group of the Coast Range and the 

Cretaceous and early Tertiary flysch of the Swiss Alps (Crowell, 1955; 

Hsu , 1960); Pliocene sandstones of the Ventura .Basin (Hsu, 1964 ); 

Pal aeo zoic graded bedded sequences of the British Isles (Kopstein, 

1954; Basset and Walton, 1960; Kelling, 1958) and in the Carboniferous 

graded greywackes of Germany (Kuenen and Sanders, 1956). 

These cross -laminated beds associated with graded b eds 

have often been referred to as turbidity current deposits. Natland 

and Ku enen (1951) suggested that these were deposited by "ripple­

formi n g dilute turbidity currents". Hsu (1964) strongly advocated the 

hypoth esis that these beds were initi ally deposited as graded beds but 

later they were reworked and re-deposited by the "rippling action of deep 

marine botton1 currents 11
• Deep n1.arine bottom currents exist and are 

· sometimes strong enough to ripple the deep sea bottom (Menard, 1952 ; 

Ericson et al., 1955; Emery, 1956; Heezen and Hollister, 1964; Hubert, 

1964; Shepard and Dill, 1966; Stanley and Kelling, 1967). 



However, despite all this work it does not presently seen1. 

possible to distinguish turbidity current formed ripples from ocean 

bottom current formed ripples. Probably the best clue is the ripple 

vs. sole mark orientations. 

1.4. Current Direction in Turbidites (from Cross-Lamination and 

Ripple -Drift) 

Crowell (1955) found a good parallelism between the cross­

lamination direction and the direction of sole marks. Hsu (1964) also 

observed such parallelism in the Palaeozoic outcrops of the Ouachita 

and the Marathon Basins. McBride (1962) also noted a good agreement 

between the two types of directional measurernents. In the C loridorrne 

Formation they show a fair degree of parallelism (Enos, 1969b). 

11 

Current directions measured from ripple -drift and sole marks by the 

present author in the Cloridorn1.e formation indicated a strong parallelism. 

Prentice (1960) noted that the palaeo-current direction 

obtained from the measurements of flute casts do not agree with those 

indicated by the ripple marks and cross-lamination. Basset and Vlalton 

(1960) reported that the current direction indicated by cross-lamination 

measur ements does not show any preferred orientation, while the cur r ent 

direction obtained from flute cast measurements in the same rocks do 

show good preferred orientation. 
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Adjacent beds of ripple-drift showing current directions 

differing by almost 180° were noted by the present author and Enos 

{1969b, p. 696) on several outcrops of the Cloridorme formation. 

1. 5. Previous Work on the Present Area 

The Middle Ordovician rocks exposed along the north coast 

of Gasp~ peninsula (Fig. 2) were described briefly by McGerrigle (1959). 

Enos (1969a) named these rocks the Cloridorn1.e formation and made a 

detailed study. The general description of the formation given here is 

based on the work of Enos (1965, 1969a, b). 

The Cloridorme formation is divided into three constituent 

structural blocks (with uncertain stratigraphic relationship) namely: 

Eastern, Central and Western (Fig. 2). Enos erected 14 stratigraphic 

members, viz. a
1 

to a
3

, (3
1 

to (3
7 

and 'Yl to '(
4 

respectively. The 

formation consists of 7700 m (rrwith an uncertainty factor of 211 ) of 

greywacke, calcisiltite, and dolostone interbedded with argillite, and 

is exposed in a narrow belt 80 miles long and 12 miles wide along the 

"' , northern Gaspe coast, Quebec. 

The entire sequence, ·assigned to the 'Orthograptus 

trunc atus intermedius Zone ' of Berry (1960), is considered as age . 

equivalent to the upper part of the Normanskill formation (Enos, 1969a; 
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·Berry,' 1962). However, from an analysis of the graptolite faunas of 

the Gasp~ north shore, Riva (1968) found it impossible to interpr e t . 

the Gasp~ fauna in terms of the Berry's 'Zone' of the Ordovician 

sequence of Texas. Riva concludes that more than one graptolite zone 

is included in the Cloridorme Formation. The formation as a whol e 

14 

forms a part of the geosynclinal assemblage of the folded Appalachians, 

extendi ng from south-eastern Tennessee to Newfoundland. The Cloridorme 

Formation, although faulted and overturned, has not suffered extens ive 

metamorphism. 

From a detailed study of the stratigraphy, sedimentary struc­

tures and lateral variation in the greywacke sequence, Enos (1969 a , b) 

concluded that these rocks were deposited by turbidity currents, which 

periodically invaded the quiet pelagic mud and ooze environment. 

Current directions were longitudinal and mainly to the west except in 

the uppe r two meinbers (i.e. "Yz and -y3) where easterly di r ections are 

found. From the tentatively inferred en echelon configuration of the 

membe r s, Enos suggested that they were wedges built successively 

towards the west as the elongate trough was. filled from the eastern end. 

Following Enos, Parkash (1969) made a detailed study of the 

sedimentary structures, textures and fabric of 8 greywacke beds a n d 



' concluded that the beds were deposited by "low concentration, highly 

turbulent" turbidity currents. This type of work is made possible only 

by the superb coastal exposures. 

Walker (1969) measured a sequence of 61 turbidite beds, 

includi ng 15 beds of ripple -drift, at Petite Vall~e harbour (one of the 

four localities of the area studied by the present author), and made 

some geometrical conclusions which will be fully discussed later. 

Skipper (1970) correlated a sequence of beds from the ~ 1 member for 

a distance of 7. 5 n1.iles and described the occurrence of some anti dune 

beds and certain unusually thick turbidites displaying "a sequence of 

internal sedimentary structures different from the typical 'Bouma 

Sequence'". At the same time, Pett (1970), from a study of the 

morphology of flutes (1511 flutes measured in total) from different 

members of the Cloridorme formation (including a few from other 

formationsL demonstrated that there exists a continuum of flute shapes 

independent of the bed types {A, B, C of Bouma, 1962} except that 

wider flu t es tend to be pre sent on the soles of A beds {Pett and Walker, 

1971). 

15 

The excellent coastal exposures of the rocks of the Cloridorme 

Formation have made the sequence one of the best of its kind in th e world 
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and present an ideal situation to study the different aspects of turbidites 

that have been fascinating sedimentologists since 1950. 

1. 6. Area of Present Study and the Problem of Cloridorme Ripple-Drift 

After a reconnaissance survey along the northern Gasp~ 

coast, four localities were selected for the purpose of present study. 

They are: (l) St. Mauri ce, (2) Fame Point, (3) Peti te Vall~e and (4) 

Grande Vall~e (Fig. 1). At all of these places, except St . Maurice, 

the b eds are overturned. Table 1 shows the dip and strike of beds in 

the respectiv:e localities. At St. Maurice, the bed measured belo n gs 

to the a
3 

member of the eastern structural block. The beds measured 

at Fame Point belong to the 13
1 

member of the central structural block. 

The beds measured at Petite Vallee and Grande Vallee belong to t h e 13
7 

member of the central structural block. In all the localities the mean 

current direction is parallel to the strike of the beds. 

A total of 49 ripple -drift beds were studied (Table l ). 

Of these, bed 477 of St. Maurice, beds 5, 7, 8, 9 and 10 of Petite 

~ ~ ' Vallee Harbour and beds l and 2 of Grande Vallee (East of Anse a 

Mercier) were studied in detail. The features that distinguish t he ripple-

drift of the Cloridorme turbidites from other ripple-drift are the spect acu-

larly t h ick cosets (range 2 to 75 em), the consistently large '.!vavelengths 



PLATE l. 

View of the ripple-drift beds ~t Petite Vall~e. Bed 7 is 

to the right (AC with a little B). Bed 61ies on bed 7. 

Overlying bed 6 is a very thin unnumbered bed. Overlying 

the unnumbered bed is bed 5. Stratigraphic top is to the 

left. Current from top --7 bottom, east to west. 





PLATE 2 

Vi ew of bed 8 of Petite Vall~e. Stratigraphic top is to the right 

and f lov1 east to west (bottom .to top of picture). Note the gr a dual 

decrease in angle of climb and wave length downcurrent. 





PLATE 3. 

View of the wave -cut platform, east of Anse 'a Mercier, 

Grande Vall~e, showing bed 1 {lower right) and bed 2 {lower 

left). Stratigraphic top is to the right. 





PLATE 4. 

/ 
View of beds 1, 2 and 3 at Petite Vallee, Note thick parallel 

sided co sets. View facing east, current flow from east to 

west. 





{range 13 to 84 em) and comparatively small amplitudes (range 0. 4 to 

5. 2 em). The ripple -drift beds are spectacularly parallel- sided and 

can b e followed along strike on the wavecut platform for more t h an 100 

metr e s without any apparent significant change in their charac t er. In 

most of the beds, individual laminae can be traced from stoss-side to 

lee-s i de, across the ripple system. Signs of erosion of stoss-side 

21 

laminae are fairly common in the lower part of a coset. The wide range 

(1 t o 4 4 degrees) of the angle of climb is in good harmony with the wide 

(6 typ es, see Fig. 6) variety of the spectacularly displayed climbing 

patte r ns. Current directions measured from ripple-drift cross­

lamin ation are close to the mean direction of flow given by sole ma r ks 

in all the localities studied. Surprisingly, in some of the beds the 

cur r e nt direction deduced from the ripple-drift is opposite to the regional 

E ast - to-West palaeoflow direction. Some of these characte ristics and 

many others were noted earlier by Walker (1963, 1969) and Jopling & 

Walke r (1968). However, a detailed field investigation of t he turbidity­

curr e nt-formed ripple-drift has not been unde r taken previously. It is 

. t herefore difficult at present to relate some of the field observation s to 

t he e x perimental ·work of Kuenen and the theoretical work of Alle n. 
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In his experiments, Kuenen (1966, 1967) has tried to assess 

the growth rate of the turbidite ripple 7 drift beds from the experimentally 

determined rate of ripple migration and current velocity, combined with 

data on the angle of climb obtained from field measurements. His main 

conclu sion indicates rates of upward growth of ripples for about 0. 1 

em/mi n. 

Recently Allen (1970b) published a theoretical analysis of 

ripple-drift cross-lamination and predicted that for various types of 

flows, different sequences of types of ripple-drift cross-lamination 

would be formed. However, no work has been done in the field i n 

determ ining different sequences of"turbidite ripple-drift, and hence 

one of the main objectives of this study is to see whether Allen's 

theory does in fact account for the field observations. 

The primary purpose of this study, therefore, is to inves t i­

gate the morphology of turbidite ripple -drift and to evaluate the findings 

in terms of the published experimental and theoretical results. 
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TABLE I 

Data on strike and dip, bed thickness, current direction 

and number of ripples measured 



St. M aurice 
(North of Church) 

West of Fame Point 

Pet ite Vall~e 
Har bour, East. 

E a st of 
A n se ~ Mercier 
Grande Vall~e 

A n se a Mercier 
W e st, G . Vall~e 

E a st of Harbour 
G . Vall~e 

1:31 

A 

s. 297 * 477 0 
D. 40°• 207° 

s. 282° ,, 666 

0.85°"*192° ·:· 100 
0 
0 

s. 272° 
D . 80°-t182° 

s. 277° 

* 701 0 
* 702 0 
* 759 0 
* 765 0 

* 772 0 
* 773 0 
* 774 0 
* 790 0 
* 791 0 
* 793 0 
* 794 0 
* 795 0 
* 798 0 
* 799 0 
* 800 0 
* 801 0 
* 899 0 
*.1 013 0 
*1014 0 
* 1015 0 
* 1021 0 
*I 030 0 
* 1031 0 
* 1033 0 
* 1034 0 
*1035 0 
*1036 0 
*1 038 0 

1 0 
2 0 
3 0 
4 0 
5 0 
6 0 
7 52 
8 0 
9 0 

10 0 

1:3
7 

D. 75° .. 187° 
1 
2 
3 

0 
0 
0 

s. 272° 
D . 75°-tl82° 

s . 279° 
D . 78°-tl89° 

4 
5 
6 

7 
8 

8 
0 
0 

0 
0 

N . B. • Amount and dir e ction of dip. 

TABLE- I 

B C 

8 

0 
0 

70 

11. 2 
9 . 4 

0 7. 5 
0 14.5 
0 6.5 
0 8. 0 
0 5.9 
0 4.8 

. 0 5 . 1 

0 9 . 8 
0 14.5 
0 12.5 
0 8 . 5 
0 11. 7 
0 9 . 0 
0 . 6 . 5 
0 5 . 5 
0 7 . 3 
0 23.0 
0 5.8 
0 2. 6 
0 4. 7 
0 5 . 0 
0 5.6 
0 6 . 1 
0 9 . 0 
0 5 . 1 
0 4 . 6 
0 3. 6 
0 5. 1 

0 
0 
0 
0 
0 
0 
2 
5 
0 
0 

2 

5 
0 

2 
0 
0 

0 
0 

32.0 
57 . 0 
35." 0 

7 . 0 
38 . 0 
3.4 

22.5 
20.8 
60.0 
28 . 0 

25.0 
12. 0 
17 . 0 

70 . 0 
58. 0 
75.0 

25 . 0 
65.0 

24 

17 

17 
12 
10 

4 

1 
5 

5 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

6 
6 
4 
4 
4 
4 
4 
4 
5 
4 

4 
4 
4 

4 
4 
4 

2 
4 

118 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

6 
6 
4 
4 

71 
4 

73 
42 
50 
15 

4 
20 

4 

4 
4 
4 

2 

4 

900 ' 

40 ' 

300' 

34 0 ' 

250 ' 
2 6 0 ' 

300' 

25' 

50 ' 

23 

306° 303° 

286° 
284 ° 
281° 
286° 

2830 
284° 
281° 
286° 

* ':• 301° 

286° 291° 

291° 288° 
293° 

27 0° 26 1° 
2 65° 
2 61 ° 
24 7° 
254° 
250° 
24 6° 
249° 
2 55° 

~n:n:• S 1 0 

269° ·:":":' 112° 
2680 271° 
277° 277° 

273° •:":":•87° 
'' ':":' 113° 

'' T hose with a s t e ris k are B e d Nos. of logge d s ec ti o ns, othe rs arc ord i n a ry s e rial No s . 
* ':' Or ie ntat io n dir e cti o n of G r ap tol ite s. 

~"~'-· Curre nt dir ec t io ns in these b e d s ar e oppos ite t o the r eg io n a l curre nt dir e ct io n . 
·~·~'••:• M e an of se v eral n1 e a s ur crne nt s . 



CHAPTER TWO. PARAMETERS AND THEIR MEASUREMENT 

2. 1. Parameters 

Fig. 3(A} (after Walker, 1969} shows the model of a climbing 

ripple and explains the terminology used in describin g the geometrical 

param eters. In the text the author has conveniently used some shorter 

forms of these terms and/or some l~tter symbols to designate these 

p a rameters. All these terms (including some others not shown in 

fig. 3 - A}, symbols and their precise explanations are given in Table 

II. 

Explanations of a few other terms, frequently used in the 

text, are given below: 

Measured Angle of Clin1b: This indicates the actual a n gle 

of clim b measured in the field and is given the symbol e. The term 

a n gle of climb, wherever used, refers to this measured (actual} angle 

of clim b only. In certain places the term "measured angle of climb" 

has be e n used (instead of 'angl e of climb'} to avoid any confusion t h at 

m i ght a rise be~ween the terms "measured angle of climb" and "computed 

angle of climb". 

24 



Computed Angle of Climb: Symbol used for this term is 

6 a nd it refers to the angle of climb computed from the value s of 

actual measurement of the parameters (3, a, tL and t
8

, using the 

equation (Walker, 1969, p. 387) given below: 

tan~' = 
- ·(tL · sin (3 + t

5 
sin a) 

(t
5 

cos a - tL cos (3) 

25 

( 1) 

Coset thickness: The term refers to the vertical thi c kness 

of set s of ripple -drift eros s -lamination contained in a bed (for details 

see Allen, 1~68, p. 99, Fig. 5. 2). The terms 'thicker coset' and 

'thinner coset', sometimes used in the text, refer to coset thickne sses 

greate r than and smaller than 10 em respectively. 

2. 2. Field Measurement Procedures 

On th e basis of the simple geometry explained in Fig. 3-A, 

ripple data were recorded in the field on pre-designed sheets. A 

sample copy .of the data sheet is enclosed in Appendix I(a). 

Most of the column headings in the data sheet are self -

·explana tory. However, a few need a little clarification. "Position 

on Bed" - indicat es the distance in feet from an arbitrary zero be n ch 

mark on the bed. "Position on Bed" when recorded as 0. 0 indicates 

only one measurement station on that particular bed. All measuren1ents 

except " Positions on Bed" were recorded in centimetres. Under "Bed 
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T ABLE II 

T erms and symbols used and their explanation. 



Term Symhol 

Wave length W (= S+L) 

Amplit ude A 

Lee length L 

Sto s s l ength s 

Stos s -angle 

Lee-angle a 

Sto s s ~thickness 

Lee-thickness 

Angle of climb 

Ratio of Lee -to -Sto s s 
side lamina thickness 

Ripple Index RI 

Ripple Symmetry Index RSI 
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TABLE II 

Explanation 

Length from trough to trough of a ripple. 

Perpendicular height from the base to 
the crest of a ripple. 

Projected length of the lee side. 

Projected length of the stoss side. 

Inclination of the stoss-slope with respect 
to the base (i. e. line joining the trough 
points) of a ripple. 

Inclination of the lee-slope with respect to 
the base of a ripple. 

The perpendicular thickness of a single 
or a set of laminae on the stoss side of 
a ripple . 

.The perpendicular thickness of the sarne 
single lamina e or the same set of 
laminae on the lee side of the same ripple. 

The angle between the base of a ripple 
{assul"!led to be parallel to the base of 
a coset) and the line joining the crests 
of successively superposed ripples from 
bottom upward and forward through a 
ripple -drift coset. 

RI = W = Wave length 
A Amplitude 

RSI 
s = --
L 

Sto s s -length 
Lee -length 
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Thickness" A-B-C indicate Bouma's (1962) divisions of a turbidite bed. 

"Inter" means interturbidite , i.-e. argillite. 

After selecting the ripple -drift bed for measurement , the 

'Positions on Bed' (i.e. stations) were chosen and marked by pain t. 

The interval between stations (in case of beds studied in detail) was not 

regula r but was determined by the nature of exposure. 

At each stat ion on the bed, angle of climb, stos s -angle, lee-

angle, tL, t
8

, wave length, amplitude, lee length and ripple shape 

were measured. 

The angle of climb, the sto s s- angle and the lee- angle were 

calculated in the laboratory fro1n horizontal and vertical length measure-

ments made in the field. 

Fig. 4 illustrates the n1.easurement procedure of the a n gle of 

climb. The angle of climb at the points (i.e. 'Position within Bed ' ) P, Q 

and R are then defined respectively by the angles LQPK, L RQL and 

L SRM respectively. Once the lengths AB, AC, AD and AE and the 

heights PB, QC, RD and SE are measured, the angles of climb at the 

points P, Q and R can be calculated easily. For example: 

r -l(QI<J'0 [180] L QPK (in degrees) = ltan PK lj x 1T ·where 

QK = QC -PB and PK = AC -AB 



F IG. 4. 

F ield procedure for measurement of Angle of Climb, 

Position on Bed and Position within Bed. Details 

explained in the text. 
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In fig. 4, the angle of climb has been shown as a line passing 

through the troughs of the subsequently superposed ripples upwar d through 

the co s et. This scheme was adopted in the field for data recording be-

cause of the ease of recognising the angle of climb from the ripple 

troughs , where from the sea had etched out the soft~r clayey sedim ents 

leaving thereby a slightly depressed dark line (see Pl. 2). 

The methods of measurements of the stoss- and lee-angles 

are illustrated in Fig. 3B, where the lengths BC and EF and the height s 

DB and GE, laid out arbitrarily, were recorded in the field. Then the 

requir e d angles are given by: 

Stoss-angle (L BCD) in degrees 

In order to minimize errors in such measurements, lengths 

of t he b a ses of the triangles were usually chosen to be as large as 

possible . 

Depending on the thickness of the coset, measurements of 

these p a rameters were made at evei~ y station on 3, 4, 5 or 6 selec t ed 

(well defined) ripples from different levels (see fig. 4) in the bed 

along the angle of clirnb. 
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Palaeocurrent data on ripple -drift eros s -lamination a nd sole 

marks were recorded with the help of a dip compensator (describ e d by 

Enos 1969b; Parkash, 1969, p. 16) in conjunction with a Brunton compass. 

Current directions in the ripple -drift beds were recorded at each station 

from the line of inter section of the lee side laminae with the wave eroded 

stos s s ide planes (see Pl. 5) expo sed along the base of the beds. 

While recordi ng the ripple shapes, t he base of every ripple 

was m a rked at 5 em intervals and the vertical heights at those points 

were r e corded as shown in fig. 3(B). 

2. 3. R o ck San1.ples 

Rock samples, one from the bottom and one from the top 

of every coset were collected. In all cases the samples were from ne a r 

. the cre s t on the stoss-side of a ripple. Similar samples located a couple 

of hundr ed feet apart (see Table VI) were collected f r om the beds t h at 

were stu died in detail. From bed 4 77 at St. Maurice, three similar 

sample s from the base, the middle and the top of the coset were collected 

at 4 stat ions (0', 300', 600' and _900' points). In addition, one orie nted 

specin1.e n of a complete ripple was obtained from each of the three localities 

at Grande Vall~e, Petite Vallee and St. Maurice. Fig. 8 shows the nun1.ber 

of the b e d and t he exact position of the extracted rippl e specimen wi thin 

each be d at these t h ree localiti e s. 



2 . 4. Laboratory Methods 

Data Processing: Direct measurements of W, A, L, t
8

, 

t and coset thickness were possible in the field. But the final values 
L 
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of the measurements of a, !3, (:; , ~ ', S, RI and RSI were later calculated 

in the laboratory (5 23 measurements of each in total) with the help of 

a c omputer. Both raw and processed data are given in the Appendix 

l( a ) and l{d). respectively. 

Grain Size Analysis: In this study two different m e thods 

we r e used for two different sets of collected samples. ( 1) The samples 

coll ected for the purpose of studying the relationship between (i ) coset 

thickness and maximum grain size, (ii) angle of climb and maximum grain 

size, (iii) wave length and maximum grain size, and (iv) ripple index and 

maxi mum grain size, were analysed by using binocular microscope . 

(2) The samples collected for the purpose of studying grain siz e distribu-

tion a cross ripples were analysed in thin secti on by the help of the 

shadowmaster using a magnification of X 100. 

Modal Analysis: This was done with the help of a s h adow-

·maste r using X 1 00 magnification. A total of l 00 counts (taken to be suf-

ficient for such analysis; see Parkash, 1969, p. 66) were made using a 

5X20 r ectangular grid. 



Statistical Analysis: Graphic Mean (MZ) and Incl'usive 

Graphic Standard Deviation (CJ
1

) were calculated (after Folk, 1968; 

p. 45-46) for four parameters W, A, RI andRSI. 

Cor relation coefficients were calculated for each two 

parameters plotted and the re suits are shown on the plots. The sig-

nificance of the correlation coefficients was evaluated by means of 
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comparison with standard tables (Table A-30a; Dixon and Massey, 1957, 

p . 468). The calculations of correlatio~ coefficients was done using the 

s t andard formula: 

r = xy 

where x =X-X andy= Y-Y. 

2 . 5. Accuracy of Measurements 

A high degree o£ accuracy can only be achieved in the case 

of easily measurable parameters such as Wave Length and Lee Length 

(L). Measurements o£ Amplitude, Stoss-angle, Lee-angle, Angle 

of Climb, tL and t
8 

were more difficult to make and hence they are less 

accurate. All these measurements were made with extreme caution 

and were recorded after several checks. I--Iowever, in each of the dif-· 

ferent types of measurements as mentioned above, the accuracy is about 

±10%. 
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In all the four localities (Grande Vall~e, Petite Vallee, 

Fame Point and St. Maurice) measurements of the geometrical para-

meters of the ripple drift were made on vertical sections through the 

beds and the vertical sections were parallel to the palaeoflow di r ection. 

Hence, no correction was necessary for oblique sectioning . 

I 

The accuracy of measurements of flow direction from ripp les 

0 . 
and sole marks are probably about ± 1 0 degrees. 

The accuracy of grain size measurements done with the h e lp 

of (i) the binocular microscope and (ii) the shadow1naster are ±0. 01 mm 

and±, 005 mm respectively. 



CHAPTER THREE. DESCRIPTION OF RIPPLE-DRIFT 

OBSERVATIONS AND RESULTS 

3. 1. General Sedimentology of Ripple-Drift Bearing Rocks 

Composition and Texture: 

Ripple-drift beds occur in all the three dominant lithologies 

of t h e C loridorme formation, namely: C alcisiltite s, Calcareous wacke s 

and greywackes. 

Ripple-drift cross-lamination is infrequently present in 

calcareous wackes and even more infrequently present in graywackes. 

Calcareous wackes, containing more than 10% argillaceous matr ix, but more 

sparry" calcite cement than matrix, may grade vertically and perhaps 

laterally into type-1 calcisilti.tes by decrease in both grain size and 

degr e e of recrystallization. Three types of graywackes were distinguished 

by E nos {1969a) on the basis of sedimentary structures, approximate 

matr ix content, distinctness of contacts and colours. With the downcurrent 

i ncrease of matrix type-1 graywackes may grade to type-2. 
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Of the two types of calcisiltites distinguished by Eno s (1969a), 

the m o :r,-e abundant type-1 is characterised by thin beds, by ripple -drift 

and c o nvoluted lamination and by relatively little matrix. Some beds of 

type - 1 are darker at the top, suggesting an increase in argillaceous 

content, hence grading. The terrigenous grains {largely quartz) a re 

angula r, equant to elongate, moderately well sorted and 0. 01 to 0 . 09 mm 

in diameter. The carbonate grains, largely irregular single crystals, 

a few polycrystalline, are 0. 005 to 0. 08 mm in diameter . The carbonate 

conte nt of type-1 varies between 45 and 82 percent. The matrix (excluding 

carbonate) varies between 2 and 32 percent, and is mainly chlorite with 

some carbonaceous material. 

Type-2 calcisiltites exhibit spectacularly thick cosets of 

ripple -drift. Type-2 is distinguished from type-1 "by the presence of 

parallel lainination or false bedding, or both, b y an average matrix 

conten t of 18 percent versus 11. 6 percent in type-1 calcisiltite, and by 

an ave rage thickness of 24 em about 7 times that of type-1 ca1cis i ltites" 

(Eno s , 1969a, p. 20). The median grain size (both terrige nous and 

carb onate grains) is about 0. 02 mm. The q.uartz grains are mod erately 

well s orted. The carbonate grains are dominantly single crystals but a 

few o f them are polycrystalline. 



Some of the data relevant to the present topic are tabu lated 

below (see Table III) from Enos' work , (1969a, b). 

For the pres.ent purposes, it should be noted that the bed 
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4 77 of St. Maurice represents a mixed lithology, with calcareous wacke 

in the lower hal f of the bed and calcisiltite type -1 in the upper half of the 

bed. All of the 30 beds measured near Fame Point are type-1 calci­

siltite s. All the beds measured at Petite Vallee and at Grande Valle'e 

are c a lcisiltite type- 2. 

Sole Marks: 

Table III shows the frequency of occurrences of diffe r ent 

types of sole marks in different lithologic units. Out of 49 beds studi ed 

by the present author, sole marks were recorded from 20 beds only. 

No flute casts were observed at the base of the ripple-drifted beds. 

The o nly type of sole marks present were the shallow longitudinal ridges, 

which are usually poorly developed except in bed 5 of Petite Vall~e (see 

Pl. 6) and in bed 2 of Grande Vall~e, where they were found to b e fairly 

well developed, with small cuspate crossing bars. 

Current Direction: 

The data on current directions measured from ripple -drift 

and sole marks· are presented in Table I. Graptolite orientation direction 

was measured only in bed 4 77 of St. Maurice. Fan-shaped orientations of 



TABLE III 

(A) 

(B) 

(C) 

Petrology of the dominant rock types of the 

Cloridorme Formation (from Enos, .1969a, b) 

Characteristics of dominant rock types. 

Lithology of a
3

, 13
1 

and 13
7 

Members. 



A. PETROLOGY OF DOMINANT ROCK TYPES OF THE CLORIDORME FORMATION (Enos 1969 a , Table 1) 
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B. CHARACTERISTICS OF DOMINANT ROCK TYPES (E~-;1 969 b , Table 2) 
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C. LITHOLOGY OF £3 'fh and ~7 MEMBERS (Enos 1969 c , Table 4) 
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PLATE 5. 

Lines of intersection of lee side laminae with wave-eroded stos s 

side of underlying ripple. Current from right --7 left, east to 

west. 

PLATE 6. 

Longitudinal ridges at the base of bed 5, Petite Vallee. 
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graptolite synrhabdosomes were observed in the saddles of weakly 

sinuous ripples (small scale dunes ? ) in two cases at the top of bed 477. 

The local mean current directions deduced from the sole marks and 

graptolite orientations agree fairly well with those deduced from ripple­

drift in all the four localities. These results also agree closely to the 

figures obtained by Enos for local mean palaeoflow directions (see 

Table I). Surprising occurrences of thick beds of ripple-drift, parall el 

lamination and both parallel lamination and ripple-drift, showing a 

reversal of current directions relative to the local mean palaeoflow 

directions were observed at Petite Vall~e (2 beds, 28 and 15 em thick), 

at Grande Vall~e ( 3 beds, 27, 25 and 65 em thick) and at Fame Point 

(2 beds 25 and 39 em). Not all of them were studied in detail, hence 

only 4 were included in Table -II. Fig. 11 shows a schematic diagram of 

bed-1 of Grande Vallee. 

Continuity of Beds: 

Type -1 calcisiltite beds containing ripple -drift appear con­

tinuous in any outcrop, but can not be satisfactorily traced between out­

"crops because they lack distinguishing features. 

Despite their spectacular thickness, ripple-drift beds of 

type-2 calcisiltite appear less persistent laterally than any other 

lithology of the Cloridorme Formation. Enos (1969a) noted that none 

of the type-2 calcisiltite beds could be traced as far as 1 mile. 
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The assumption that the ripple-drift beds of type-2 calci-

siltite lithology exhibit a very poor lateral continuity, is evidenced by 
. . 

the abrupt appearance and disappearance of thick ripple -drifted beds 

shown in the detail correlation chart (Fig. 1. 4, Parkash 1969} of 

Parkash, who correlated 8 greywacke beds for only a distance of 3200 

yards. In another detailed correlation in unit Hand the base of unit G 

of the {3
7 

Member at Grande Vallee, Enos (1969b, p. 706} observed that 

not one of about 56 massive type-2 cc:tlcisiltite beds was continuous 

throughout the 3 km interval. In the same units, out of 139 greywacke 

beds traced by Enos, only 46 extended throughout the interval, but 18 

out of those 46 were locally discontinuous. In the p
1 

Member, however, 

a greater continuity seems apparent from the fact that about 53 to 60 

beds (type-3 greywacke and calcareous wacke only} out of 63 were found 

to be continuous (Enos 1969a, . p. 706} for a distance of 7. 5 Km. 

The exposed length of ripple -drift beds in any outcrop 

hardly exceeds a couple of hundred feet (see Table I). Maximum exposed 

length traced by the pre sent author was 12 00 1 feet in bed 4 77 at St. 

Maurice. 

A spectacular example of erosion involving a 60 em (average} 

thick bed of ripple-drift was recorded from Petite Vall~e ((3
7 

Member). 
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Bed 9 appeared abruptly at the upcurrent end with signs of severe local 

erosion and attained a thickness of 69. em at a downcurrent distance of 

50' and then gradually thinned down to 51 em at 246 feet before it dis-

appeared under the shore cliff. Beds 1, 2, 3 and 8 of Petite Vall~e also 

display signs of local erosion . . In (3
1 

(Fame Point, West) and a
3 

(St. 

Maurice) Members no such sign of severe local erosion was observed. 

Depositional Slope: 

In bed 8 of Petite Vallee, an attempt was made to determine 

the slope of the depositional surface by tracing one individual lamina 

as far as possible across the ripple system. The selected lamina at 

the downstream end occurred 9. 2 em above the base of the bed. It 

could be traced upstream over 9 ripples, where it occurred 11. 5 em 

above the base of the bed. The distance between the two spots was 

268 em. Thus, the depositi~nal surface was calculated to be dipping 

0 
downstream at an angle of 0 30' (i.e. 1/116). Walker (1969) calculated 

a slope of 1 /1 00 by tracing a lamina over 38 ripples in bed 5 of Petite 

Vall~ e. 



PLATE .7. 

~· 

An unnumbered bed at Petite Vallee, showing.;a thick coset 

and concave -upward climb. Stratigraphic top to the right. 

Current from bottom ~top, east to west. 

PLATE 8. 

/ 
View of beds 5, 6, and 7, Petite Vallee, at the 40' point. 

Bed 7 is AC, others are only C. 
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PLATE 11. 

Close up view of bed 7, Petite Vall6e, at the 259' point, 

illustrating type a
2 

ripple-drift cross-lamination (ripple­

drift following Bouma's A and B divisions) 

PLATE 12. 

Close up view of bed 7, Petite Vall~e, at the 306' point, 

illustrating type a ripple-drift cross-lamination (ripple-
. 1 

d r ift directly on top of Bo_uma' s Division A). 





PLATE 13. 

Close up view of bed 7, Petite Vallee, at the 40' point, 

i l lustrating type a
1 

ripple-drift cross - lamination (ripple­

drift directly on top of Bouma's division A) 

PLATE 14. 

Close up view of bed 7, Petite Vall~e, at the 1 00' point. 

Bouma ·AC, with slightly concave-upward angle of climb. 





PLATE 15. 

Close up view of bed 4 77, St. Maurice, illustrating type 

h
2 

ripple-drift cross-lamination. Note the high angle of 

climb and overtaking of ripples at the top. Note the shape 

of the ripple laminae (thickest at the crest) in the middle 

of the regularly drifted part. 

PLATE·l6. 

Close up view of bed 4 77, St. Maurice. Note the lower 

irregularly drifted part. 





TYPES OF OCCURRENCES OF RIPPLE-DRIFT CROSS-LAMINATION 

'TYPE -c1 

TYPE_c, ~/ _,{~ 
_::;~~/ 

~ / 

TYPE_b 1 ~ -~~~ ·--<--·--<· ......... ·· ... :: .. 
/ 

TYPE_b, -~~t>-· 
-------- I ~~~~~ 

-===--~-~~~ ~ / 

TYPE __ --=-a,_ .... 
1 

- -

Entire bed ripple-drifted. 

Entire bed ripple-drifted but tower few 
centimetres irregularly drifted. 

Major part of bed regularly ripple-drifted. with 
a few ems. of parallel laminations (Bouma's •g') 
below. 

Same as b1 , but lower few ems. of the 
ripple-drifted part is irregular. 

Minor or major thickness of Bouma's "A' below j 
upper part regularly ripple- drifted. 

Minor or 
Major thickness of Bouma's •A' below, 
·the upper part is regularly 
ripple-drifted with a few ems. of Bouma's t3' 
and /or irregular r ipple-drift below. 

FIG. 5 

~ 
00 
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' 3. 2. Mode of Occurrence and Association of Ripple -Drifted Beds 

It has already been noted, that ripple-drift cross-lamination 

occurs in all the dominant lithologies of the Cloridorme Formation, but 

the frequency of its occurrence is markedly higher in type-1 and type-2 

· calcisiltites than any of the others. 

Fig. 5 shows the various types of occurrences of ripple-

drift cross-lamination in the Cloridorme turbidites in terms of A, Band 

C divisions of the Bouma {1962) turbidite model. Among the six types, 

C 
1 

and c
2 

are most abundant and they occur separately, with argillite 

layers both above and below the bed. .I 
In (3

7 
Member {Grande Vallee-

Petite Vall~e area) all of the six fypes are present, but the apparent 

absence of type a
1 

and a
2 

in (3
1 

Member is surprisingly significant. 

Beds 1, 2 and 3 of Petite Vall~e (see Pl. 4) and the beds 

·- -of Fame Point; ·west {see P~s. --28-, --3 0) -are the examples of type c l. 

Bed 5 of Petite Vall~e (see Pls. 1, 9), bed 2 of Grande Vallee and 

bed 4 77 of St. _Maur~ce {see Pl. 15) _respectively illust:rate type c
2

, 

type b
1 

and type b
2

. Bed 7 of Petite Vallee exhibits {see Pls. 11, 12) 

both of the types a
1 

and a
2

. Bed 4 of Grande Vall~e is . a good example 

of type a
2

. Plate 39 is a spectacular illustration of type b
1

. Plates 7 

through 14 are illustrations of the various types of occurrences. 
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If the data (Table I) are analysed in terms of Boun"la model 

for the occurrence of ripple-drift cross -lamination, it is seen that of 

49 beds, 43 begin with ripple-drift (division C), 4 are BC type and 2 are 

ABC (doubtful AC) type. 

Walker (1969, p. 384) noted that out of 15 beds containing 

ripple-drift (in a section of 61 turbidites at Petite Vall~e), 12 begin 

with ripple -drift, 2 are AC type and 1 is BC; and with all the C loridorme 

data included, 20 begin with ripple-drift,. 2 are AC type and 1 is BC type. 

Results of the analyses of bedding types (in terms of Bouma 

model} and ABC Index (Walker, 1967) in three thick measured sections 

of turbidites are given below. -It is hoped that such analyses might reveal 

some relationship that might exist between the occurrence of ripple -drift 

and environment of deposition and between the ripple -drift and other 

associated bedding types. 

TABLE IV 

Total 
Mem- Bedding Types % ABC 

~o. of Locality In de} 
Beds 

ber 
A AB ABC AC B BC c % 

375 Petite Vallee f37 50.4 - 0.27 6.4 3.5 0.8 38. 7 59 

755 Fame Point, f31 - - ~:{2. 5 - 12.4 3.8 81.2 11 
West 

532 St. Maurice a3 - - ~:{o. 75 - 29.9 10.7 58.6 21 

1~ type-3 greywacke of Enos (1969). 
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3. 3. General Observations on Parameters and Other Features of 

Ripple -Drift 

Coset Thickness: 

Thickness of coset is the most spectacular feature of the 

. Cloridorme Formation ripple-drift (see Plates 1, 2, 4, 7 and 15). The 

average thickness is 20 em and the range is 2 to 75 em (see Table I). 

Walker (1969) reported a maximum thickness of 98 em from Grande 

Val lee. These thicknesses are much above the averages for division 

C, 5 to 10 em, given by Kuenen (1967) or 5 em given by Walker (1969) 

or 2. 5 em given by Hsu (1964), for (nap-climbing) cross-laminated 

beds. 

Thicker co sets are frequently encountered in f3
7 

Member, 

where they occur in association with more frequently occurring A beds 

(see Pls. 2, 4 and Table I). In (3
1 

Member the cosets are much 

thinner (less than 10 em) and A beds are virtually absent. In the upper 

part of the section measured at Fame Point; West, A beds abruptly 

start appearing (above bed 1 059) in large numbers associated with 

common, thick convoluted beds and a few thicker and thinner ripple-

drift beds. According to Enos (1969a, b) this upper part of the section 

tentatively represents the base of the (3
2 

Member. In the a
3 

Member at 

St. Maurice (North of the Church), A beds are virtually absent, but the 

I 
I 
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convoluted beds are spectacularly thick and both thick and thin coset~ 

of ripple -drift are pre sent. In some. of the beds, it appears that the 

original form of the convoluted lamination might possibly be traced 

back to ripple -drift. 

Angle of Climb: 

The angle of climb in the ripple-drift cosets of the Clori-

dorme turbidites ranges from 1° to 43° degrees (see Table V). These 

angles are comparable to those quoted by Kuenen (1967), which range 

from 4 ° to 45 ° degrees, averaging about 12°. In the pre sent case the 

~verage is 7. 5° degrees. This low value is due to inclusion of a larger 

number of thinner co sets showing ·very low angles of climb (see Table 

V). 

Table V also shows the computed values (discussed earlier) 

of the angles of climb. 
. 0 0 0 

They range f.rom 2. 7 to 56. I averaging 9. 0 

degrees. A comparison between the data columns shown in Table V 

reveals that the average values of the measured angles of climb agree 

very closely to the average values of the computed angles of climb. 

But the minima and maxima (values) differ from each other, with the 

latter being usually higher. This is probably due to: 
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TYPES OF ANGLE OF CLIMB 

TYPE_ A ~~) concave upward climb 

TYPE __ c . 1~ sigmoidal climb 

TYPE_'D ~~ 
~-------.1~/ slightly convex upward climb 

sinuous climb 

TYPE_ F 
disconnected irregular climb 

FIG. 6 



TABLE V 

Data on minimum, maximum and average values 

of the measured and computed angles of climb. 
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TABLE V 

1J ! i i 1J 1J ... ... ... ... ... ..... .... .... .... .... .... 
u u u u u u 
-.. .... .... .... .... .... 

.... 0 .... 0 .... o .... o .... o ....o 
II 0 0 0 II 0 0 0 

II C) C) ., ., ., C) ., ., 
... ., .... ., .... ., .... :J ., .... ., .... ., .... :J 

lltl :JO> :JO\ :JO\ ........ :JO> :JO\ :JO> ........ 
~~~ -;:~., .-tC -;:~., 0111 .-4C .-tC .-4C 

0 "' tltl Ill< II > Ill< II Ill< II Ill< II > 
!UI > ., > ., > ., > ., > Ql > Ql 

O'tl :z: 'tltl 'tiQI 'tiQI O'tl 'tiQI 'tltl 'tiQI 
0 0~ ~ Ql ... ~., ... .,., ... :Z:tl ~ Ql ... §. :J ~ QIIIJ,.. :z: Ql 

H ,.. 'tl-riC 1-<0\ 1-<0\ 0\I.<!:J> ... ~0\ tJ>~ tJ> ~ .. ., ti.C: Ql E :J Ql E :J Ql IU:JQI .-t:J E :J IIJ E:JQI CI:JQI .... :J 
< 

1l~ 
llll:-tU -.4110 .... 110 1.<110 Cllll ... 0.0 ... 0.0 ,.. 0.0 Cl 0. 

g c Cl XCI ., tG ~~~~ c E X E V E ~E 

A- 8 - c 
.... .,c IISQIC > Ql c OQI .... oc Cl 0 c >oc 0 0 

H IQ:Z: XX-.4 XX-.4 <X-.4 1:-tX xu ... XU-.4 <U.,.. 1:-tU 

St. Maurice 477 0 8 70 2.1 36.0 16.7 73 6.1 37.6 17.0 118 

(North of Church) 

.. west of Fame Point 666 0 0 11.2 ... . .. 5.7 1 6.7 7.1 6.9 3 
700 0 0 9.4 ... . .. 3.8 1 3.8 6.7 5.7 3 
701 0 0 7.5 ... . .. 5.3 1 6.3 9.2 7.9 3 
702 0 0 14.5 ... . .. 10.9 1 4.8 11.6 7.4 3 
759 0 0 6.5 ... . .. 4.5 1 6.6 7.4 6.9 3 - 765 0 0 8.0 ... . .. 4.9 1 5.9 8.1 7.1 3 
772 0 0 5.9 1.1 3.8 2.5 2 6.3 7.7 7.0 3 
773 0 0 4.8 ... . .. 2.9 1 3.7 6.6 4.7 3 
774 0 0 5.1 1.1 4.7 2.9 2 6.8 7.6 7.1 3 
790 0 0 9.8 ... . .. 4.8 1 4.4 6.1 5.1 3 
791 0 0 14.5 ... -··· 7.8 1 4.5 8.0 6.4 3 
793 0 0 12.5 ... . .. 6.9 1 3.6 7.1 5.0 3 
794 0 0 8.5 . . . ... 3.6 1 2.7 8.4 5.8 3 
795 0 0 11.7 ... . .. 6.3 1 7.0 10.4 8.4 3 
798 0 0 9.0 ... . .. 6.0 1 4.4 7.7 6.1 2 
799 0 0 6.5 ... . .. 4.0 1 5.7 7.1 6.4 3 
800 0 0 5.5 ... ... 3.2 1 4.8 5.3 4.9 3 
801 0 0 7.3 ... . .. 4.5 1 5.7 6.6 6.0 3 
899 0 0 23.0 14.0 16.0 15 . 0 2 8.7 21.1 14.1 3 

1013 0 0 5.8 ... . .. 4.9 1 4.6 8.5 6.6 3 
1014 0 0 2.6 ... . .. 5.1 1 4.3 6.8 5.5 3 
1015 0 0 4.7 ... ... 3.6 1 4.4 9.1 6.7 3 
1021 0 0 s.o ... . .. 7.3 1 6.9 10.4 8.3 3 
1030 0 0 5.6 ... . .. 2.5 1 ' 4.8 6.3 5.6 3 
1031 I 0 0 6.1 ... . .. 3.4 1 4.2 6.6 s. 7 3 
1033 

I 

0 0 9.0 ... . .. 5.9 1 6.0 10.0 7.5 3 
1034 0 0 5.1 ... . .. 2.2 1 3.3 4.6 4.0 3 
1035 0 0 4.6 ... . .. 2.3 1 3.1 5.9 4.7 3 
1036 0 0 3.6 ... . .. 2.6 1 3.3 6.3 4.9 3 
1038 

I 
0 0 5.1 ... I . .. 4.2 1 5.9 7.0 6.5 3 

I 
! 

Petite Va lee 1 0 0 32.0 4 . 4 20.8 12 . 5 5 ! 7.4 11.2 8.3 6 
Harbour, East. 2 

I 
0 0 57.0 8.4 28.0 18.9 s 7.7 20.7 12.5 6 

3 0 0 35.0 11.3 

I 
30.8 19.3 3 

I 
9.0 14.1 i u.s 4 

4 

I 

0 0 7.0 4.3 16.6 12.4 3 5.6 8.8 i 7.5 4 
5 0 0 38.0 1.0 

i 
33.9 10.1 67 i 3.2 34.6 I 15.2 71 

' 0 0 3.4 2.6 8.2 4.6 3 I 3.7 7.5 

I 
5.1 4 

7 52 2 22.5 2.7 14.8 8.3 63 j 10.4 56.1 21.9 73 
8 0 s 20.8 1.0 18.2 7.8 41 9.1 28.9 19.7 .C2 
9 I 0 0 60.0 2.5 

I 
25.8 12.7 52 I 3.8 23.1 14 . 3 50 

10 0 0 28.0 2.6 24.1 11.0 12 3.7 29.2 11.0 15 
I ' 

I ! 
I 

I 
I 

East of 1 0 2 25.0 ... . .. 7.6 1 I 6.0 15.9 10.8 4 
Anse a Mercier 2 0 s 12.0 l..C 32.4 6.9 17 3.7 14.5 I 7.7 20 
Grande Vallee 3 i 0 0 17.0 3.2 6.7 4.7 3 6.1 10.1 8.0 4 

I j I 
Ansc a Me rcier 4 8 2 70.0 12.5 43.3 28.1 3 9.4 33.0 I 20.3 4 
West, Grande Vallee 5 0 0 58.0 4.1 

I 
16.3 10.8 3 

I 
14.3 21.1 I : 18.0 .c 

6 0 0 75.0 7.3 12.1 9.8 3 11.1 29 . 2 I ... , 4 
I 

Grande Vall~c 7 0 0 25.0 2.1 2.3 2.2 2 i -- -- -
Harbour. East 8 0 0 65.0 1.3 7.2 3.9 3 - - -- -

: I 



--PLATE 17. 

- ~-·Bed 4 77, St. · Maurice, showing steep concave-upward 

climb. 

PLATE 18. 

Bed 477, St. Maurice, showing steep concave-upward 

climb and overtaking. 





PLATE 19. 

, 
Bed 7, Petite Vallee, showing concave-upward climb 

PLATE 20. 

Bed 7, Petite Vall~e, showing concave-upward climb. 





PLATE 21. 

/ 

Bed 5, Petite Vallee, at the 292' point, showing concave-

upward climb. 

PLATE 22. 

Bed 5, Petite Valle'e, at the 130 ' point, showing concave-

upward climb. Note the increase in wave length towards 

the top. 





PLATE 23. 

Bed 5, Petite Vallee, showing concave-upward climb 

P LATE 24. 

/ B ed 9, Petite Vallee, showing concave-upward and 

s igmoidal climb. 





PLATE 25. 

Bed 7, Petite Vall~e, showing concave-upward climb. 

PLATE 26. 

Bed 7, Petite Vallee, showing concave -upward climb. 





PLATE 27 

Bed 7, Petite Vall~e, showing the length of the climb line. 





PLATE28. 

Beds at Fame Point, West, showing thin cosets and strai ght 

climb. 

PLATE 29. 

, 
Bed 5, Petite Vallee, 191' point, showing sigmoidal climb. 





PLATE 30. 

B eds at Fame Point, West, showing thin cosets and fairly 

s traight climb. 

PLATE 31. 

A thin coset at Fame Poi11;t, West, showing erosion of 

stoss-laminae from the base to the top of the coset. 





PLATE 32. 

Bed 9, Petite Vall~e, thick coset showing sinuous an:l sigmoidal climb. 





PLATE 33. 

"' Bed 1, Grande Vallee, lower half showing load structure, 

u pper ripple -drifted part showing disconnected-irregular 

c limb. 

PLATE 34. 

Bed 1, Grande Valle'e, showing sinuous climb. 





(i) The values of the angles/.... QPK, LRQL, and LSRM 

in Fig. 4, which represent how the recorded values of the "measured 

angle of climb" were obtained in the field·. In contrast, the "computed 

angle of climb" was obtained from the measurements of paramet ers 

a, ~' tL and t
8 

of the ripples located precisely at the points P, Q and 

R. T he values of the "measured angles of climb" thus suffer from an 

aver a ging effect. 

(ii) The cumulative effe<;:t of error in the measurements of 

a, ~, tL and t
8

. 

(iii) In the field ~ was n1.easured along the line joining the 

succ e ssive troughs (cf. fig. 4) as against along the crest in case of 

comp uted values of e._ ' . However, this difference, in all probability, 

i s co~sidered to be a negligible one. 

The angle of clirpb in some beds remains constant from 

base to top of the coset, in son1.e others it increases gradually upward 

through a coset, in still others it shows some other patterns. Fig. 6 

i llustrates six different types (not a rigid classification) of angle of 

climb observed in the field. Of these type -A (concave-upw ard clin1.b 

with a small convex part at the top; see Pls. 2, 15 to 26) and type - C 

(disti nctly sigmoid climb; see Pl. 29) are respectively very a bundant 
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and common, in the thicker cosets of the ~ 7 member at P e tite Vall~ e 

and Grande Vallee. Type-B (straight climb; see Pl. 28) usually is 

very common in thinner cosets and is very frequently encounte r ed in 

f\ Member at Fame Point, West. Type - D also appears to be res-
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t ricted to thinner co sets. This type was observed only in bed 6 of Petite 

Vallee. Type - E (sinuous climb, see Pls. 32, 34) was observed in 

some thick cosets (e. g. bed 10, Petite Vall~e). It is emphasized tha t 

the type -E is a charac t eristic of the co sets showing a rever sed current 

direc tion (e. g. bed 10 and the unnumbered bed below bed 10 at Petite 

; / 
Valle e and bed 7 and 8 of Grande Vallee). Type - F comrnonly occurs 

in the lower part of a thick coset (e. g. bed 5 Petite Vall~e, bed 477 

St. Maurice), but sometimes may cover the entire coset thickness 

(e. g. bed 1 Grande Vall~e). Plates 15 through 34 are illustrations of 

t h e various types of angle of climb. 

The ratio of lee-to-stoss side lamina thicknesses in the 

ripple -drift co sets of the Cloridorme formation ranges from 1.1 to 

19. 0. Measurements were made on 523 ripples and the data are 

tabulat ed in the Appendix 1 (c). 



FIG. 7. 

A. 

B. 

Frequency distribution of Wave Length 

Frequency distribution of Amplitude 
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Wave Length: 

Large wave length is one of the spectacular features of the 

r ipple-drift of the Cloridorme turbidites. The range is from 13 to 84, 

em with a mean value 35. 3 em (see fig. 7) and standard devi ation 15. 9 
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- em. Tabulated data in Appendix 1 (c) include a total of 5 23 measure­

ments of this parameter. These values are somewhat larger tha n those 

quoted by Walker (1969, Table I, p. 386) from the Bude Sandstones 

(9-15 em), Gamlan Flags (12 em), and Portobello Sandstone (23-32 em). 

A general field observation is that the wavelength increases 

u pward through a coset. This is also· true for some of the ex amples 

quoted above (Walker, 1969, p. 386). 

Amplitude: 

Collected data on thi s parameter (total 523, see Appendix 1(c)) 

shows that the range is from 0. 4 to 5. 2 em, with a mean value of 1. 36 

em (see fig. 7) and standard deviation 0. 72 em. Obviously some parts 

of some cosets of ripple-drift (e. g. uppermost part of bed 477) would 

best be defined as 'dune-drift cross-lamination', taking the minin1um 

hei ght of dunes to be 3 em (Harms, 1969). 

It was observed that amplitude continues to increase upward 

almost up to 1/2 or 3/4 the thickness of the coset, whereaft er i t d e -

creases a little. 



TABLE VI 

Data on grain-size measurements. 



z 
0 
~ 
< g 
..l 

St. Maur i ce 
(North o! Church) 

W est of F ame P o int 

Petite V a ll e e 
Harbour , East. 

East of 
Anse a Me rci e r 
Grande V all e e 

Ans e a M ercier 
West, Grande Vallee 

477 

66 6 
700 
701 
702 
759 
765 
772 
773 
774 
790 
791 
793 
794 
795 
798 
799 
800 
801 
899 

1013 
1014 
1015 
1021 
1030 
103 1 
1033 
1034 
1035 
1036 
1038 

~ :! 
: !! 
" " ~ .§ 
u ... 

-z :2 ~ 
~1-<U 

A - D - C 

0 8 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
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11. 2 
9.4 
7.5 

14. 5 
6.5 
8.0 
5.9 
4.8 
5. 1 
9.8 

14. 5 
12.5 
8.5 

11. 7 
9.0 
6.5 
5. 5 
7. 3 

23.0 
5.8 
2. 6 
4 . 7 
5 . 0 
5 . 6 
6 . 1 
9.0 
5 . 1 
4 . 6 
3 . 6 
5. 1 

32 . 0 
57.0 

0 0 35.0 
4 0 0 7 . 0 
5 0 0 38.0 

6 0 0 3. 4 
7 52 2 22 . 5 

8 0 5 20 . 8 
9 0 0 60. 0 

H10 0 0 28 . 0 

**1 
2 
3 

4 
5 
6 

0 
0 
0 

8 
0 
0 

25.0 
12. 0 

0 17. 0 

70 . 0 
0 58 . 0 
0 75.0 

TABLE VI 

MEAN SIZE OF TE N LARGEST GRAI S 

•:•sa1nplc fr o m 
B o tto m o f C o s e t 

Phi( ¢ ) 

0.09 
0 . 14 
0. 16 
0. 15 

0. 07 
0 . 09 
0 . 07 
0 . 07 
0. 07 
0. 08 
0 . 06 
0. 06 
0. 05 
0. 06 
0. 09 
0.08 
0. 17 
0 . 11 
0. 07 
0 . 06 
0. 05 
0.05 
0 . 0-l 

0. 04 
0.06 
o. 08 
0.05 
0.06 
0.05 
0 . 05 
0 . 06 
0. 06 
0.06 
0 . 63 

0. 20 
0 . 17 
0 . 18 
0. 16 
0 . 08 
0. 18 
0 . 05 
0. 08 
0.09 
0. 09 
0 . 10 
o. 14 
0. 17 
0.07 

0 . 09 
0. 07 
0. 08 

0 . 32 
0.38 
0 . 45 

3. 47 
2.85 
2.65 
2. 74 

3 . 84 
3. 47 
3 . 84 
3 . 84 
3 . 84 
3. 65 
4 . 05 
4 ' 05 
4. 31 
4. 05 
3. 47 
3.65 
2.55 
3. 19 
3 . 84 
4. 05 
4. 31 
4 . 31 
4 . 63 
4 . 63 
4 . 05 
3. 65 
4. 31 
4. 05 
4. 31 
4.31 
4. 05 
4. 05 
4. 05 
0.68 

2.34 
2. 55 
2. 49 
2. 65 
3. 65 
2. 49 
4. 31 
3 . 65 
3.47 
3. 47 
3, 31 
2.85 
2.55 
3.84 

3. 47 
3 .84 
3. 65 

1. 66 
1. 42 
1. 18 

'-• S a n1pl e fr o m 
Mi d dle of Coset 
mm. P hi (¢) 

0. 17 
0. 11 
0. 15 
0 . 14 

2 . 55 
3. 19 
2 . 74 
2.85 

•:•san1 p le fr o n1 
T o p of C os et 
mm . Phi (_l:i) 

0 . 08 
0. 05 
0 . 07 
0. 08 

0. 04 
0 . 07 
0. 04 
0 . 07 
0.05 
0.07 
0. 04 
0 . 04 
0. 04 
0 . 04 
0 . 07 
0.06 
0.08 
o. 04 
0. 06 
0. 06 
0.04 
0. 04 
0.04 
0.08 
0.04 
0.06 
0. 04 
0 . 04 
o. 04 
0. 04 
0. OS 
0 . OS 
o. 05 
0.1 1 

0. 16 
0. 15 
0. 15 
o. 14 
0.07 
o. 04 
0. 05 
0. 04 
0 . 06 
0. 08 
0. 08 
0 . 17 
0. 09 
0. 07 

0.08 
0 . OS 
0.07 

0.29 
0.36 
0 . 10 

3. 65 
4 . 31 
3.84 
3. 65 

4.63 
3.84 
4.63 
3.84 
4. 31 
3.84 
4.63 
4. 63 
4.63 
4 . 63 
3.84 
4.05 
3.65 
4 .63 
4 . 05 
4. 05 
4.63 
4.63 
4 . 63 
3. 65 
4. 63 
4 . 05 
4 .63 
4 . 63 
4.63 
4.63 
4. 31 
4 . 31 
4. 31 
3. 19 

2.65 
2. 74 
2. 74 
2. 85 
3. 84 . 
4 . 63 
4 . 3 1 
4.63 
4. 05 
3. 65 
3. 65 
2.55 
3. 4 7 
3. 84 

3.65 
4 . 31 
3 . 84 

1.8 
1.5 
3 . 31 

All th e samples we re c o ll e cted fr om n e a r the cres t (on stos s side ) of t he ri pp le s. 
** Curr e nt directi o ns in the s e b e ds are oppo site t o t he r eg io na l cu r r e nt dir e ct io n . 

o· 
300' 
600' 
9 00' 

48 ' 
322' 

49 ' 
320' 

o• 
24 6 ' 
o• 
2S0' 
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Stos s -angle and Lee -angle: 

In the field, characteristics of th ese parameters can not b e 

compa red between stations because of difficu lty in remembering the 

sequences observed at different stations. However, a common observa­

tion i s that f3 has a low value near the base of a coset, then it increases 

towards the top and decreases again before the ripples start bec oming 

levelled at the top of the coset. No such generalisations can be a rrived 

at in c ase of a . Data on a and f3 are given in Appendix l(c). 

Grain Size: 

The mean size of the ten largest grains {see Table VI ) 

were recorded (using a binocular microscope ) from rock sample s col­

lecte d one from the botto1n and one from the top of each of the 4 7 measured 

beds. The analysis shows that in the ripple - drifted beds, the co a rsest 

grain size ranges from 0. 04 to 0. 45 mm. Of 4 7 beds only 3 have values 

highe r than 0. 25 mm (fine sand). It also appears that the rocks of the 

p
7 

M ember are coarser grained than those of p
1 

and a
3

. 

Grain size distribution across 3 ripples were studied in thin 

·sectio ns. Results and other details are shown in fig. 8 and fig. 9. A 

system atic study of grain size distribution, a cross ripples from dif­

ferent levels of a climbing band, was planne d . Unfortunat ely the plan 

did n o t succeed because it is extremely diffi c ult to extract the s amples. 



However, 3 analyses, as mentioned above, m ay help us visualize the 

entire picture. 
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Fig. 8(i), which sho·ws the maximum grain size distr ibut ion 

of a ripple located 15 em below the top of bed 4 77, reveals that (a) the 

coarsest grains occur near the crest, (b) in general, grains are coarser 

on the stoss side than on the lee side, and (c) smallest grains occur 

near t h e trough. Fig. 9 (the same ripple) in ad.d i tion shows that the 

sedime nt, for a considerable length of the stoss side, has a markedly 

low m a trix content. 

Fig. 8(ii) and (iii) show analyses of two ripples from the top 

of two other beds. It is important to note that in these two cases the 

maximu m grain size distribution is rather haphazard as against a 

definite pattern observable in fig. 8(i). 

Ripple Shape: 

A few freque ntly occurring sequences of ripple shapes , 

observe d in the ripple - drift co sets of the C loridorme formation is 

given i n fig. 10. It can be seen in fig. lOA that in thicker co sets, 

exh ibiting concave-upwar d climb, the ripples near the base have 

re l atively short wave le n gths, the stoss-laminae are usually not p r e­

served, and the shape of the foreset laminae almost straight or very 

weakly a symptotic. As the ripples climb upwa rd and for~ard through 



FIG. 8. 

(i), (ii) and (iii) Grain size distribution across three 

ripples 
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FIG. 9. 

Detailed grain size analysis across a ripple 



SIZE GRADES 1 2 3 
~ mm. 

Ul" TO Ul" TO 

6.0 0.0156 36 22 32 

5.5 0.0220 26 20 18 

5.0 0.0310 22 32 30 

4.5 0.0440 12 16 i 2 

4.0 0.0625 4 10 4 

3.5 0.0880 0 0 4 
% MA~ R IX 

AIIOILLITI! 62 42 50 
+ 

CAIUIONATI! 

----Cleaner 

=;:_;~r-
.J 

I 
--

30 
39 Cm. 

35 
STOSS 

4 5 6 7 8 9 

PERCE NT G R A I N S 

24 30 26 44 50 58 

26 24 20 14 12 16 

20 26 20 1 6 20 14 

18 8 20 14 6 2 

6 8 10 6 8 6 

6 4 4 6 4 4 

50 54 46 58 6.2 74 

part of the ripple i 
I sf-~-f~a I 

9 I 
~ 

~l--------- - jf _________ 

2 5 20 16 
Sl DE 1 LEE 

--------------------C> 
FIG. 9 

10 11 12 

60 64 70 

16 1 6 1 0 

14 14 8 

8 2 4 

2 2 6 

0 2 2 

76 80 80 
-

I 

'o 
I 
I 

If. -- -r - ----
I 

'< "fij] , 
10 

SIDE 
5 

- SLID!! MO. 

·>MAT 

-

7 

RIX 

-J 
w 



PLATE 35. 

Thin section .photographs of rocks, at the positions 

A, B and C in figure 9, showing lamination characteristics. 

Note the burrowing inC. 
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the coset, the angle of climb increases and concomitantly the ripples 

also increase in size due to increasing values of W, A, f3 and a. The 

size is maximum where the angle of climb attains a maximum value. 

The shape of the foreset laminae at this point is strongly sigmoidal 

and v a lues of the parameters A, f3, a and €:; are maximum. Beyond this 

point A, [3, a and €:. start decreasing until the bed is plane. Dur i ng 

the decreasing stage, W does not usually decrease. 

Fig. lOB shows a thicker coset exhibiting a sinuous climb. 

It is t o be noted here that (i) as long as ~ keeps increasing, the ripple 

size also increases in exactly the same ·manner as shown in fig. lOA, 

but (ii) at the middle, where the cl!mb angle flattens out temporarily, 

the ripple profile becomes a smooth arc with a rare increase in W 

at thi s point. 

Fig. lOG shows a thinner coset exhibiting a straight c limb. 

In these cosets ripple size continues to increase from the base u pwards 

to ne a r the top and the shape of the fore set l aminae simul taneou sly be -

come more and more sigmoidal. In the top 1 em of these cosets ripple 

-

relief decreases rapidly but instead of being fully levelled, the bed-tops 

still retain the rippled relief. 
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Merging of Climbing Bands: 

Merging of climbing bands, due to overtaking of a set of 

dying ripples by their live upstream neighbours, is spectacularly dis ·-

played in the upper part of bed 477 (see Pl. 15, 18). It was observed 

that almost every alternate ripple, in the entire exposed bed length, 

was overtaken by its upstream neighbour. This feature was also ob-

. "' served at some places in the beds 5 and 7 of Petite Vallee (see Pl. 36). 

3. 4. Down-Current Changes in Lamination Characteristics 

· It can be seen in fig. 11 and in Pl. 38, that in bed 2 of 

Grand e Vall~e an isolated coset of ripple -dr i ft, 36 m long and 11 em 

thick, occurs within a 14 em thick parallel laminated bed. Initially the 

bed is very thin and the sediments are deformed into isolat ed load-balls. 

A.s soon as the continuous bed begins, parallel lamination develop s in 

very fine sand and silt. In all probability, these parallel laminations 

belong to Bouma division B rather than B+D. The parallel lamination 

in the lower part of the bed is mainly fine sand, and in the upper part 

of the bed, it is dominantly silty; it does not consist of alternations of 

very f ine silt and clay. Therefore, this parallel laminati on, although 

Bouma's D by definition, has more affinities wi t h Bouma ' s B. At the 

90 1 point (see Pl. 38) ripple-drift cross-lamination begins; here the 

lower parallel lamination is 6. 5 em thick. At the 220 1 po~nt the lower 



FIG. 10. 

A. 

B. 

c. 

Sequence of ripple-shapes a n d sizes in a thick coset 
with Concave-upward Climb (diagrammatic) 

Sequence of ripple-shapes and sizes in a thick coset 
with Sinuous Climb (diagrammatic) 

Sequence of ripple-shapes and sizes in a thin coset 
with Straight Climb (diagrammatic) 
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PLATE 36. 

Merging of climbing bands due to overtaking, bed, 5, 

Petite Vallee. 

PLATE 37 . 

. Weak sinuousity i n the alignment of the crest line a t the 

top of bed 4 77, S t . Maurice. 





FIG. 11 

Lateral changes i n type of stratification in three beds at 

Grande Vall~e. Fully discussed in the text. 
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PLATE 38. 

A through G, illustrate down-current changes in lamination 

/ 
types in bed 2, Gr.ande Vallee. A (upcurrent end) at -13', 

B at -9 1 
, C at 0 1 

, D at 6 8' , E at 1 05 1 
, F at 21 5 1 and 

G (downcurrent end) at 230 1
• For distances refer to fig. 11. 
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PLATE 39. 

Down-current changes in internal struct ures in bed 8, 

Petite Vallee. Details are explained in the text. 

Current from A (East) towards C (West) . 
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parallel laminated part of the bed is 3. 5 em thick; the ripple -drift cross­

lamination ends here abruptly and passes into parallel lamination again. 

Beyond the 220' point the bed shows parallel l amination only and continues 

for about 25 0 ft. before it disappears under the sea. This parallel 

lamination also has more affinities with Bouma's B. It can be seen 

in fig. 11 that at the bottom of the ripple-drift coset at the 220' point , 

parallel lamination first passes into ripples. In successive layers 

parallel laminations pass into ripples in posi tions farther and farther 

upstream. · This resulted in a gradual increase in thickness of the 

parallel laminated par t and a corresponding decrease in thickness of 

the ripple -drift co set in the upstream direction, and implies that the 

first - formed ripples were at the 220' point, but that higher in the bed 

ripples were generated in positions farther and f arther upstream. 

In the same figure, the unnumbered bed above bed 2 sho v:.r s 

that in the lower part of the bed, the sedi1nents are deformed into 

isolated load-balls. In the upper part, the centrally located (bet w een 

1 00' - 200' points) regularly ripple-drifted part is preceded and followed 

by parallel la1n ination. Within the parallel lan1inated part a few 

isolated bands of ripple -drift also occur. 



Bed l in fig. ll shows a reversed current direction. In 

the upstream part of bed l, sediments· are deformed into load-ball s 

a n d the bed is about 27 em thick. Thickness of the deformed part of 

the bed gradually decreases downcurrent, giving place to parallel 

lamination and then to ripple-drift. Farther downcurrent the bed 

gradually thins out and the sediments are again deformed into load 

balls . Finally, the bed dies out eastwards at a distance of l 00' from 

the 0 ' point shown in fig. 11. 

,- In Petite Vallee, bed 8 (33 em thick) shows the follow ing 

downcurrent changes in lamination characteristics (see Pl. 39). 
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The bed as a whole is an amalgamation (vertically) of Bouma's BCB 

divisions. The lower BC part usually consti tutes about 22 em of the bed. 

An e r o~ional line between C and the upper B is so1netimes distinctly 

visib l e (see Pl. 39). At the upstream end, i.e. to the right of the point 

A in Plate 39, the bed is parallel laminated and is exposed for a lengt h 

of about 200'. Between the points A and C (length 40', see Pl. 39) the 

bed shows a lower parallel laminated part, a middle ripple -drift ed 

part and an upper parallel laminated part. Farther downcurrent,- i.e. 

to the left of the point C, the bed contains only parallel laminations for 

a distance of 30' and then the middle ripple - drift ·part appears again. 



\ 

After a short disappearance under beach gravel, the bed {with lower 

parallel lamination 4 em, ripple -drift 10 em, upper parallel lamination 

17 em) again crops out 1 00' downcu~rent and continues unchange d unt:i.l 

i t disappears under the Petite Vall~e wharf. Between the points A 
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and C, it can be seen in Pl. 39 that at the upcurrent end the angle of climb 

i s low and the thickness of the lower parallel laminated part is con­

siderable; in between the points A and B the angle of climb is irregular; 

near the point B the angle of climb is very steep and the thickness of the 

l ower parallel larninated part is minimum; from B towards C the angle 

of climb gradually decreases and thickness of the lower parallel laminated 

part i ncreases again. 

3. 5. Lateral and Vertical Variation of Parameters and other Fe a tures 

of Ripple -Drift 

Coset Thickness: 

Fig. 12 sho\vs the lateral variations in thickness of the cosets 

which were studied in detail. At St. Maurice bed 4 77, 78 em thick at the 

upcurrent end, measured 70 em at a dov_.rncurrent distance of 900' feet. 

This reduction in thickness is due to elimination of 8 em of paralle l 

lamination from the basal part of the bed, o ther\vise the coset t hickness 

remains uniform throughout the exposed length. 



The beds measured in f3
1 

Member at Fame Point, West , 

could not be traced laterally due to the restricted width of the 

exposure. 

In Petite Vallee beds 1, 2, 3 and 4 (see Pl. 4) and b e ds 

5, 6, and 7 (see Pl. 1) are spectacularly parallel sided and do not 

show any significant change in coset thickness up and down the ex pose d 

length of the beds. 

A deviation from this common trend is observed in b e ds 
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8 and 9 (Fig. 12A) and 10 and an unnumbered bed (current directio n same 

I 
as bed 10) occurring below bed 10 (Fig. 12B), at Petite Vallee and beds 1 and 

2 (Fig. ll) at Grande Vall~ e. Plate 39 depicts nicely a very unusua l 

sequence of do-vvncurrent changes in ripple-drift coset thickness. 

Angle of Climb: 

The different types (A to F) of t h e angle of climb have already 

been described. It was observed in the field that in some cosets some 

of these types 1nay show some preferred combinations of lateral and 

vertical changes. Type-D is excluded for t h e present purposes of 

generalisations, because of its extremely rare occurrence. 



FIG. 12. 

Thickness variation diagram of ripple-drift cosets (not beds). 
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Vertically, passage of type-E and/or type-F to type A, B 

or C were observed in several cases (e. g. beds 1, 2, 5, 7, Petite Vall~e; 

bed 477, St. Maurice; see Pls. 33, 16). 

Laterally, the following sequences were observed: 

(i) In the upper part of the bed 5, Petite Vallee: 

----------'..:; current. 

type B+ A -->-31- Type C ~ Type C+A > type A+B 

L increased wavelength _j 
Between 265' and 212' points in fig. 16. 

(ii) In bed 7, Peti te Vall~e (lies 24 em below bed 5 ): 

---------7 current. 

type B +A --->~ A+C ---)~ E+F --.,...~ C+A --~ A+B 

increased wave 
length . Betw een 265' and 212' points in fi g . 18. 

(iii) In bed 9, Pe t ite Vall~e: 

---------~ cur rent----- > 

type A > C --~ E --->~ type C +A 
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Details of vertical and lateral increase and decrea.se in the 

amount of the angle of climb, in the five beds studied in detail, ar e shown 

graphically in fig. 13 through fig. 22. It appears that the exposed lengths 

of the beds are not enough to show any significant lateral change. But 

regarding vertical changes it can be generalised that thicker coset s ex-

hibit s t eeper angles of climb and the pattern of climb is predominantly 

of the t ype-A (i.e. concave upward climb, might be with a small 

convexity at the top). 

Details of vertical and lateral changes in t /t
8 

are shown 
. L 

in fig. 13 through fig. 22. It appears that tL/t
8 

generally decreases 

upward through a coset. Laterally t L/t
8 

does not show any significant 

chang e . However, in bed 10 of Petite Va ll~e a steady downcurrent 

decre a se in average values of the tL/t
8 

is clear l y noticeable. 

Wave Length: 

Fig. 13 through fig. 22 depicts v e rtical and lateral change s 

i n wav e length in 5 beds measured in three different localities. A 

gene r al tendency is that the wave length increases upward throu gh the 

cosets. In only a few cases vertical changes in wave length are irregular. ' 

No lateral change is apparent from the graphs, except in bed 10 of 

Petite Vall~e, where a downcurrent decrea s e in average values of t h e 

wave length is noticeable. 



FIG. 13. 

Ver t ical variability of parameters W, A, 13, a, € and tL/t
8 

in bed 4 77 at St. Maurice. Part of the bed below the dashed 

line is parallel laminated. 

Note - in plots of Angle of Climb, triangles indicate computed 

E:' and dots indicate measured €. 
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FIG. 14. 

Horizontal variability of parameters W, A, [3, a, E and 

tL/t
5 

in bed 477 at St. Maurice. Note the average values 

of the parameters of the upper regularly drifted part and the 

lower irregularly drifted part have been plotted separately. 

Note -in plots of Angle o£ Climb, triangles indicate computed 

€' and dots indicate measured €.. 
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F IG. 15. 

Vertical variability of parameters W, A, f3, a, Go and tL/t
5 

i n bed 5 at Petite Vall~e. 

Note - in plots of Angle of C lin1.b, triangles indicate computed 

€' and dots indicate measured €.. 

i 
I . 
I 



PETITE VALLEE 1 BED - 5 

1~1~,, [ , I~ I~ ll, ,J!t, I:Irn-, I ~,, I, ~, I~, I ~J , ~~· ... '""" 
2~ «.~ ~ f!ll CENTtM£1RES 

~;T;-~---rr- :.t\ '\ l n \ ~~~~~-~> 
~~u~- 1\ · I) J 1J f 1} J i) 

1 
I . ~lJ~~··"""" 

U 2 • 6 CPH1114£TR£S 

1} . ·-r ,l 
J I I ! l ll ., ,... .. 
I . I I I I I I 

~~FrEJ~,, 1~., I I\,,, I~ Till, 1~ , ,r,, r,, ~, , I?,, .. ~. M "' •• 

0 20 40 OCGR EES 

~~a·~~\ I } r 1 ~ "' ) JJTI 1: "'~ t J >J ~" ""' ""' 
0 S 10 IS DEGREES , 

----
JIJI;~U >I . ~ riiTPJ ~ t I ~ I~. I ,~, I~ ~ "''""' 

10 31 •e 76 102 112 130 146 164 177 192 200 212 261 277 293 322 I tu". ~ 

CURRENT FROM RIGHT TO LEF.T 
~ 

FIG. 15 



FIG. 16. 

Horizontal variability of parameters W, A, f3, a, € and tL/ t
8 

in bed 5 at Petite Vall~e. 

Note -in plots of Angle of Climb, triangles indicate computed 

£' and dots indicate measured e.. 
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FIG. 17. 

Vertical variability of parameters W, A, f3, a, € and tL/t
8 

in bed 7 at Petite Vall~e. 

Nate - in plots of Angle . of Climb, triangles indicate computed 

€.' and dots indicate measured €. 
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FIG. 18. 

Horizontal variabili ty of paran1eters W , A, f3, a, €: and tL/t
8 

in bed 7 at Petite Vallee. 

Note -in plots of Angle of Climb, triangles indicate computed 

e' and dots indicate measured IE. 
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FIG. 19. 

Vertical variability of parameters W, A, [3, a, € and tL/t
8 

in bed 10 at Petite Valle'e. 

Note - in plots of Angle of Climb, triangles indicate computed 

€.' and dots indicate measured C::,. 
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FIG. 20. 

Horizontal variability of parameters W, A, f3, a, E and t /t 
L S 

in bed 10 at Petite Valle'e. 

Note - in plots of Angle of Climb, triangles indicate computed 

€.' and dots indicate measured£. 
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FIG. 21. 

Vertical variability of pararneters W, A, f3, a, € and tL/t
8 

i n bed 2 at G:rande Vall~e. Part of the bed below the 

dashed line is par2.llel l aminated. 

Note - in plots of Angle of Climb, triangles indicate computed 

£' and dots indicate measured t. 
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FIG. 22. 

Horizontal variability o f parameters W, A, f3, a, E 

in bed 2 at Grande Vallee. Part of the bed below the dashed 

line is parallel 1 aminated. 

Note - in plots of Angle of Climb, triangles indicate computed 

t-' and dots indicate m e asured €.. 



98 

GRANDE VALL~E BED- 2 

WAVE LENG TH 
.. ... <average ) 

. i; 3 bl---------------- ------ -----1--.-------- ------- --- ---- -- ---1- ------------------ -------------- --i - -- --------- ~;:~~;~IDE 

~ ~ ~:---- -- --• - --- -- -- ----l- - ----- ---- - -- -- -- - ----- -- ---1- ----- ----- --- - r\.,o,~::. 1 r
5 

0 

i: j ~~- - - -· ·· ·--- - · - · - ··-··- -- -f - - -- - - · · · ·· - · --· · --- - - --- - -- - --- ----i----- --- - - - - - - - -- --~T~~~''ag:~GLE 
"' 

~1~1 I i ~~ ------~ 

E ~ ~:- - -- --- - - - ----- --- --- - - - - ---~-- -- ·· ·-- -- --- - --- --- --- - -- •--- --- ---· ··; _________________ _ ...., 

LEE ANGLE 
(av erage ) 

104 128 154 180 214 (feet) 

CURRENT FRO M LEFT TO RIGHT 

FIG. 22 



Amplitude: 

Amplitude generally increases upward up to about the 

middle or upper middle of a coset and then decreases (see figs. 

13 through fig. 22). In bed 477 (which does not fit in the above 
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generalisations), initially the amplitude decreases (from 4. 0 to 1. 5 em) 

upward in the Lower half (ir r egularly drifted) of the bed, then it gradually 

increases (fron1. .1. 5 to 5 em ) in the upper half {regularly drifted) of the 

bed a n d then again decreases a little in the top 3 or 4 em of the bed. 

N o significant lateral changes are shown by the graphs. 

Sto s s -Angle: 

Data on this parameter when plotted (see fig. 13 through 

fig. 22) shows that the stoss-angle in most cases gradually increases 

up to about the middle or upper middle of a coset and then decreases. 

Late r ally, a slow downcurr e nt decrease in t he average values of !3 

is noticeable in some beds. Behaviour of !3 closely follows that of 

amplitude. 

Lee -Angle: 

Graphs of this parameter (figs. 13 through 22) do not show 

any r ecognisable pattern in its behaviour laterally. Vertically, however, 

a has a tendency to increase gradually up to about the middle o r upp.er 

middle of a coset, whereafter it decreases. 
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Grain Size: 

Table VI lists the data of grain size analysis. It shows 

that almost all the ripple-drift cosets exhibit coarse-tail-grading 

both vertically and laterally. It also appears that the co sets are 

normally graded too; as in some cases normal grading can be 

identified megascopically from the colour changes from base (pale 

greenish brown) to top (greenish grey; due to an increase in clay con-

tent along with finer grains) of the cosets. 

3. 6. Relation Between Parameters 

Coset Thickness vs. Angle of Climb: 

Field observations revealed that the thicker cosets 

generally exhibit steeper angles of climb. A plot of coset thickness 

versus average measured-angle-of-climb of the collected data (Table 

V) is given in Fig. 23. It demonstrates that a fairly strong relation-

ship exists between the two parameters. 

Walker (1969, p. 385, Fig. 6) also demonstrated that angl e 

of climb increases as coset thickness increases. 

It was observed that in some of the thicker cosets (e. g. bed 

~ 

477, see Pl. 15; bed 5, 7, 8, and 9 of Petite Vallee, see Pl. 1, 2, 24) 

the angle of climb gradually steepens upward through the coset. In con-

MrMA~TER UNIVEHSITY UBRAR'f 



trast thinner cosets (e. g. beds of Fa1ne Point, West, see Pl. · 28) 

generally show a straight line pattern of the angle of climb. 

Coset Thickness Vs. Grain Size: 

Field observation suggested the possible existence of a 

relationship between coset thickness and grain size. Fig. 24A is a 

scatter diagram of the collected data (see Table VI). As the rocks 

are very fine grained (mostly medium to fine silt), the mean size of 
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the 10 largest grains has been used for plot purposes. Good, significant 

correlations are shown in both the graphs. 

Angle of Climb Vs. tL/t
8

: 

An examination of fig. 25A, B reveals that the angle of climb 

tends to increase as tL/t
5 

decreases. Fig. 25A shows a scatter plot 

of tL/t
5 

vs. e.' (i.e. computed angle of climb) and illustrates the ex­

pected relationship between the two parameters related by equation 

[1 J (Walker, 1969). 

After a careful examination of the collected data, it was 

found that the 'position within bed' of 158 readings of the 'measured angle 

of climb' (out of a total of 306 readings, covering all the 49 beds) corres­

pond closely to the 'position within bed' of 158 measured ripples (out of 

523 in total). Fig. 25B shows a plot of tL/t
8 

vs. (;-. of these 158 points. 



FIG. 23. 

Plot of Coset thickness vs. average Angl e o£ 

Climb. The correlation coefficient is statistically signifi cant. 
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FIG. 24 

A. 

B. 

:Plot of Coset thickness vs. Maximum Grain Size. 

The correlation coefficient is statistically significant. 

Plot of average Angle of Climb vs. Maximum Grai n Size. 

The correlation coefficient is statistically significant. 
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FIG. 25. 

A . 

B. 

Plot of Computed Angle of Climb vs. tL/t
5 

The linear correlation coefficient, although significant, 

is inapplicable to these data. 

Plot of Measured Angle of Climb vs. tL /t
5 

Correlation coefficient is not statistically significant 
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FIG. 26. 

A. 

B. 

Plot of Computed Angle of Climb vs. Wave length. 

The correlation coefficient is not statistically sign ifi ­

cant. 

Plot of . Mea_sured Angle of Climb vs. Wave length. 

The correlation coeffi cient is statistically signi fican t. 
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FIG. 27. 

A. 

B. 

Plot of Computed Angle of Climb vs. Amplitude. 

The correlation coefficient is statistically significant. 

Plot of Measured Angle of Climb vs. Amplitude. 

The correlati on coefficient is statistically significant . 
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F IG. 28. 

A . 

B . 

Plot of Computed Angle of Climb vs. Stoss-angle. 

The c9rrelation coefficient is statistically signific ant. 

Plot of Measured Angle of Climb vs. Stos s -angle. 

The correlation coefficient is statistically significant. 
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FIG. 29. 

A. 

B. 

Plot of Computed A n gle of Climb vs. Lee-angle. 

The c9rrelation coefficient is statistically significan t. 

P.lot of Measured Angle of Climb vs. Lee -angle. 

The correlation coefficient is not statistically 

significant. 
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It, however, does not show up the relationship as nicely as it does in 

fig. 25A. 

Angle of Climb Vs. 13, a, A and W: 

Plots of each of the parameters 13, a, A and W versus both 

~· (measured) and rc ' (computed) are given in f igs. 26 through 29. Of 

t hem , l3 and A appear to be very sensitive (r values are significant 

even at 99. 9%). Both 13 and A increase as~ increases. The para­

meters a and W did not correlate sigJ?-ificantly with ~. 

Angle of Climb Vs. Grain Size: 

Mean size of ten largest grains (see Table VI) when plotte d 

(see fig . 24B) against average values of the measured angle of climb 

shows that e; increases as maximum grain size increases. 

Scatter diagrams ·(see figs. 30 and 31) obtained from plot s 

109 

of the parameters 13, a, W and A versus tL/tS reveal that good relation­

ship exists between tL/t
8 

and W, and tL/t
5 

and a. 

13 Vs. a, Wand A: 

A plot of 13 vs. A (see fig. 33B) shows a strong linear 

relationship. Good correspondence also exists between 13 and a ( s ee 

fig. 32B), but apparently no relationship exists between 13 and W(see 

fig. 32A). 



F IG. 30. 

A. 

B . 

Plot of tL/t
8 

vs. Wave length. 

The correlation coefficient is statistically significant. 

Plot of tL/t
8 

vs. Amplitude. 

The correlation coefficient is not statistically 

significant. 
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FIG. 31. 

A. 

B. 

Plot of tL/tS vs. Stoss-angle. The correlation 

coefficient is not statistically significant. 

Plot of tL/tS vs. Lee-angle. The correlation 

coefficient is statistically significant. 
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FIG. 32. 

A. 

B . 

Plot of Stos s -angle vs. Wave Length. 

The correlation coefficient is not statistically 

s~gnificant. 

Plot of Stoss-angle vs. Lee-angle. The 

correlation coefficient is statistically significan t. 
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FIG. 33. 

A. 

B. 

Plot of Lee -angle vs. Wave Length. The 

correlation coefficient is ·stati stically significant. 

Plot of Stoss-angle vs. Amplitude. The 

correlation coefficient is stati stically significant. 
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F IG. 34. 

A. 

B . 

Plot of Amplitude vs. Lee-angle. The 

correlation coefficient is statistically significant. 

Plot of Amplitude vs. Wave Length. The 

correlation coefficient is stati sticall y 

significant. 
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a Vs. Wand A: 

It seems (see fig. 33A and. fig. 34A) that a correlates 

significantly to both W and A. 

W Vs . . A: 

The scatter diagram (fig. 34B) apparently shows a positive 

linear relationship between the two parameters. The low r value and 

the wide scatter, points to the fact that the relationship is subject to 

considerable variability. 

Grain Size Vs. W, A and RI: 

The values of wave length measurements (see Table VII) 

t aken from near the base and top of the cosets at a particular station 

are plotted (fig. 35) against the corresponding values of the mean size 

of ten largest grains obtained from samples collected from near the 

base and the top of the cosets at the respective stations. Fig. 36A, B 

are plots of maximum grain size (i.e. mean of ten largest grains) 

versus amplitude and ripple index respectively. 

The relation between (i) maximum grain size and A and 

(ii) maximum grain size and RI are barely, statistically significant 

at the 95o/o level, and that between (iii) maximum grain size and W i s 

not statistically significant. However, fig . 36B clearly shows tha t 

RI b e comes smaller as maximum grain size increases. In non-
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turbi dite ripples (Reineck and Wunderlich, 1968, fig. 5, p. 329) it has 

been demonstrated that the RI becomes smaller as mean grain size 

i ncreases. Fig. 37 shows the frequency distribution of ripple index 

and ripple symmetry index in the Cloridorme turbidites. 
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TABLE VII 

Data on grain-size corresponding to wave length, 

amplitude and ripple .:.index 
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TABLE VII 

.0 
NEAR THE BASE OF THE COSET NEAR THE TOP OF THE COSET ~ 

Cl 
.t: 
41 

c 
0 

c • c Ill 

~~~ ~~~ c 
c 0 .... ., Ill ltl ...t 

... c .... c c .... c 41 
ll Cl )( ...t 0·..-t )( ...t 0·..-t <Ill 
ll41 .t: ., 

"' .t: ., Cl 0 
4l Cl 41 'tl CICII-< 41 'tl CIVI-< 0 
C E 0> Cl c NNt.:) 0> Cl ;; NNt.:) ...:l 

:z; .>(...t c 'tl H ......... c:: 'tl ...t...t 

8 041 Cl ::1 ltltll41 Qj ::1 t/l(/)41 c:: 
... 'tl...tC:: ...:l 41 4l ltl ...:l e 41 Cl ltl 0 

E-< Cl Ql.t: 4) 
Cl 0 ...tE ..... C::C::Ql ::::6 ..... CCCI ...t 

< il~ 
IXlE-<U ...-tO 0. ..... "' 0> 4) 0 0. ...t<IIIO> 41 

~ ! > 0. 0. CIIUI-< > 0. 0. CIIU 1-< Cl 
Cl c ~~ ...t 1-<::!:CI Cl c:: ~~ ...t I.<;:!; <Ill 41 

...:l IXl:Z: A - B - c ~ -..-t IX: t.:J~...:l ~ .... IX: C>~...:l til 

St. Maurice 477 0 8 70 36.5 2.4 15.21 0.14 53.0 3.8 13.95 0.05 300 ' 
(North o f Church) 57.0 2.0 28.50 0.16 43.0 2.7 15.93 0.07 600 ' 

27.2 1.9 14.32 0.15 32.0 1.7 18.82 0.08 900 ' 

West of Fame Point 666. 0 0 11.2 25.5 1.0 25.50 0.07 34.0 1.6 21.25 0.04 -
700 0 0 9.4 25.0 1.3 19.23 0.09 37.0 0.8 46.25 0.07 -
701 0 0 7.5 31.0 1.3 23.85 0.07 38.0 0.9 42.22 0.04 -
702 0 0 14.5 20.0 0.6 33.33 0.07 35.0 0.6 58.33 0.07 -
759 0 0 6.5 20.0 0.8 25.00 0.07 34.0 0.6 56.67 0.05 -
765 0 0 8.0 25.0 1.2 20.83 0.08 H.O 0.8 55.00 0.07 -
772 0 0 5.9 24.0 0.7 34.29 0.06 42.0 0.8 52.50 0.04 -
773 0 0 4.8 31.0 0.7 44.29 0.06 I 56.0 0.8 70.00 0.04 -
774 0 0 5.1 24.0 0.9 26.67 0.05 

I 

42.0 1.0 42.00 0.04 -
790 0 0 9.8 35.0 0.8 43.75 0.06 59.0 0.6 98.33 0.04 -
791 0 0 14.5 28.0 0.8 35.00 0.09 43.0 1.2 35.83 0.07 -
793 0 0 12.5 30.0 0.7 42.86 0.08 37.0 0.9 41.11 0.06 -
794 0 0 8.5 26.0 1.0 26.00 0.17 

I 
49.0 0.8 61.25 0.08 -

795 0 0 11.7 29.0 1.1 26.36 0.11 50.0 1.0 50.00 0.04 -
798 0 0 9.0 26.0 1.0 26.00 0.07 35.0 0.7 50.00 0.06 -
799 0 0 6.5 20.0 0.6 34.17 0.06 38.0 0.9 42.22 0.06 -
800 0 0 5.5 23.0 1.0 23.00 0.05 39.0 0.8 48.75 0.04 -
801 0 0 7.3 41.0 0.8 51.25 0.05 66.0 1.0 66.00 0.04 -
899 0 0 23.0 30.0 0.7 42.86 0.04 35.0 1.4 25.00 0.04 -

1013 0 0 5.8 23.0 0.5 46.00 0.04 36.0 0.8 45.00 0.08 -
1014 0 0 2.6 30.0 0.5 60.00 0.06 34.0 0.7 48.57 0.04 -
1015 0 0 4.7 27.0 0.9 30.00 0.08 41.0 0.8 51.25 0.06 -
1021 0 0 5.0 17.0 0.5 34.00 0.05 25.0 0.6 41.67 0.04 -
1030 0 0 5.6 16.0 0.8 20.63 0.06 32.0 0.6 53.33 0.04 -
1031 0 0 6.1 15.0 0.6 25.00 0.05 33.0 0.7 47.14 0.04 -
1033 0 0 9.0 17.0 0.6 28.33 0.05 47.0 0.7 67.14 0.04 -
1034 0 0 5.1 18.0 0.5 36.00 0.06 28.0 0.5 56.00 0.05 -
1035 0 0 4.6 25.0 0.8 31.25 0.06 34.0 0.8 42.00 0.05 -
1036 0 0 3.6 26.0 0.8 32.50 0.06 44.0 0.5 88.00 0.05 -
1038 0 0 5.1 22.5 1.0 22.50 0.63 38.0 0.8 47.50 0.11 -

Petite Va1ee 1 0 0 32.0 16.5 1.1 15.00 0.20 34.5 0.5 69.00 0.16 -
Harbou r , East. 2 0 0 57.0 28.0 1.0 28.00 0.17 48. 0 1.1 43.64 0.15 -

3 0 0 35.0 34.0 1.1 30.91 0.18 54.0 2.2 24.55 0.15 -
4 0 0 7.0 19.0 0.8 23.75 0.16 25.0 1.1 22.73 0.14 -
s 0 0 38.0 32.0 1.1 29.09 0.08 71.0 0.9 78.89 0.06 48' 

56.0 0.8 70.00 0.18 I 71.0 0.8 88.75 0.04 322 ' 
6 0 0 3.4 21.0 0.9 23.33 0.05 43 .o 0.9 47.78 0.05 -
7 52 2 22.5 30.0 1.1 27.27 0 • .08 

I 
39.0 1.3 30.00 0.04 ! 49' 

22.0 0.5 44 .00 0.09 30.0 1.3 23.46 0.06 320' 
8 0 5 20.8 17.8 0.6 29.67 0.09 24.0 1.0 24.00 0.03 -
9 0 0 60.0 42.0 1.0 42.00 0.10 47.0 1.0 47.00 0.08 0'0 

28.0 1.2 23.33 0.14 31.0 1.4 22.14 0.17 246' 
10 0 0 28.0 24.0 1.0 24.00 0.17 8 3 .0 0.7 118.57 0.08 o•u 

36.0 1.0 36.00 0.07 49.0 1.5 32.67 0.07 250' 

East o f 1 0 2 25.0 28.0 1.0 28.00 0.09 50.0 1.2 41.67 0.08 
!" 
; -

Anse A Me rciei" 2 I 0 5 12.0 20.0 0.7 28.57 0.07 I 40.0 0.8 50.00 0.05 : -
GI"ande Va 1H!e 3 I 0 0 17.0 31.8 0.8 38.7 5 o.o~ i 52.0 0.8 65.00 0.07 -

I 
: 

Anse a Me i"ciei" 4 8 2 70.0 27.0 1.2 22.50 0.32 35.0 1.8 19.44 0.29 I -
West, GI" ande Vallee 5 0 0 58.0 27.0 1.4 19.29 0.38 68.0 3.2 21.25 0.36 

I 

: -
-75.0 27.0 1.9 14.21 0.45 69.0 4.0 17.25 0.09 



FIG. 35. 

Plot of Wave ·Length vs. Maximum Grain Size 
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FIG. 36. 

A. 

B . 

Plot of Amplitude vs. Maximum Grain Size 

Plot of Ripple-index vs. Maximum Grain Size 
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FIG. 37 

A. 

B. 

Frequency distribution of Ripple -index 

Frequency distribution of Ripple-symmetry-index 
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CHAPTER FOUR. DISCUSSION AND SUMMARY 

4. 1. Vertical Variation o£ Parameters, Sequence of Ripple Shapes 

and the Phenomenon of ( ; ··: rtaking 

The problem of the first appearance of ripples in a system 

of either increasing or decreasing flow power is still unknown and 

reasons for ripples becoming more irregular with time,even without a 

further increase in the existing shear stress,is still unknown (Briggs 

and Middleton, 1965, p. 1S). Similarly, the reasons for changes in 

the regularity of ripple-formed cro-ss-lamination with time are also 

unknown. 

Walker (1963, 1969) has implied that there is a certain 

regularity in the shape of ripple -drift laminae and attempted to explain 

this. In 19 65 he suggested (Walker, 19 65, p. 15) that "After the i nitial 

formation of a rippled surface (perhaps under condition of a clear bed 

current interface), sedimentation continues but the current velocity ' 

is such that the sand grains falling on the stoss-side can not be moved 

by the current once deposited. Mud, however, is ·winnowed on to the 

lee-side and deposited on to the trough. The winnowing probably takes 
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place in the laminar boundary layer. The result is a set of climbing 

ripples (Type-3, Walker, 1963, p. 177) whose amplitude gradually de­

creases upward until the lamination is horizontal. Much of this rippling 

probably occurs at shear velocities less than those required for the 

initiation of ripples, and merely represents the fall out of sediment on 

to a rippled surface under the influence of a gentle forward current" . 

However, the field data collected by the author does not 

support Walker's (1965) observation that amplitude and stoss-angle 

gradually decrease upward through a coset. In fact, in the Clo r idorme 

rippl e-drift a common observation is that the amplitude, the stoss­

angl e, the lee -angle and the angle of climb, all increase gradually up 

to about 1/2 or 3/4 the thickness of a coset and then decrease until t he 

bed is levelled. However, Pl. 40 and many others do support the assumed 

process of mud winnowing. 

Figs. 13, 15, 17, 19 and 21 show that the parameters A, f3, a 

and ~ show a general tendency to increase gradually from the base upward 

through a coset to about 1/2 or 3/4 the thickness of the coset; W continues 

to increase up to the top and tL ItS gradually decreases upward through a 

coset. Two other important features to be noted here are (i) the 

ove r taking of ripples that results in the merging of climbing bands, as 

has been observed in bed 4 77 of St. Maurice and beds 5 and 7 of Petite 



PLATE 40. 

Increase in mud in the trough up through a coset, bed 2, 

Petite Vall~e. 





FIG. 38. Diagram showing vertical variation of parameters, 

sequence of ripple- shapes and conditions 

just prior to overtaking. Details explained in 

the text. 
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·Vallee, and (ii) change in ripple shapes upward through a coset (see 

fi g. 10). An attempt has been made below to visualize the possible 

mechanism that can correlate all these observations. 
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In fig. 38 the ripple lamina defined by A
1 

W 
1 

and A
2 

W 
2 

shows 

the most commonly observed shape of a lami na sitting in a band of 

climbing ripples in the middle or upper middle part of a coset. The 

lamina illustrates the following features: (i) upward increase in W, .A, 

~, a and e , (ii) lamina thickest near the crest and (iii) tL/t
5 

value 

approximately 2. 

For a bed deposited from a decelerating overloade d 

suspension current, it is assumed that (i) flow strength d e creases u p­

ward through a coset, (ii) deposition from a suspension current imp arts 

grading characteristics {upward fining of sediment), (iii) clay concen-

tration increases towards the top of a coset , causing an increas e in 

cohesiveness (upward) of the deposited sediment, and (iv) gradua l 

incre ase in the suspension/traction ratio upward through a coset. T he 

term 11 suspension/traction ratio" is here tak en to imply the Rate of 

transfer of suspended load to bed load/Rate_ of transport of bed l oad. 

Figs. 26-29 and 32-35 indicate that in most cases a signi fi­

cant direct positive relationship exists between the paramete r s W, A, 

~' a and e . However, figs. 25, 30 and 31 confirm that tL/t
5 

i s 

inve r sely related to the se othe r parameters. 
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At the bottorn of a coset the angle of climb, f: has been 

observed to be generally low, t /tS is high, the stoss-side of a ripple 
. L . 

is generally not preserved, and the shape of the foreset laminae is 

very weakly asymptotic. All these indicate that in the initial stages 

of deposition of a coset, sediment is less cohesive and there is a 

dominance of traction. The fallout is moderate, i.e. sufficient to make 

the ripples climb but insufficient for stoss-side preservation. Higher 

tL/tS indicates a relatively rapid rate of ripple migration. 

· With an increasing rate of fallout due to declining flow 

strength, the sediment probably becomes more cohesive due to an 

increasing proportion of clay and a · progress i ve decrease in grain size, 

the suspension/traction ratio increases, stoss-laminae begin to be 

prese r ved, t ItS starts decreasing, the rate of ripple migrat ion 
. L 

decreases and the angle of climb increases. Declining flow strength 

results in preservation of more and more sediment on the stoss-side 

in successive laminae. Due to decreasing traction, grains fail to 

travel longer distances over the stoss-side and are eventually de p osited 

slightl y upstream from the crest. Increasing cohesiveness helps to 

maintain an increase in lee-angle, a. The trough starts receiving pro-

gressively n~ore and more winnowed mud. The overall result is an 

increase in W, A, f3, a and t:, and a decrease in t /tS. Plate 4 0 illus­L . 

t rates increased deposition of mud in the trough. Fig. 9 illustrating 
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·the d i stribution of grain/matrix ratio across a ripple from bed-4 77, 

supports the assumed process. Unusually high 13, a and~ recorded 

from bed 4 77 (see Appendix) and the strongly sigmoidal shape of the 

foreset laminae (Jopling and Walker, 1968) provides further evid ence. 

It is suggested that the increase of the parameters W, A, 13, 

a and Cc continues as long as the rate of fallout keeps increasing and it 

i s reversed, as mentioned earlier, at about 1/2 or 3/4 the thickness of 

a coset, depending on the availability of sediment in the current. 

Experiments (Rees, 1966, fig. 9, p. 226) with fine silt show that in the 

presence of excess material the parameters W, A, 13, a and ~ have a 

tendency to increase continuously to approach a mature 

ripple profile (i.e. when 13 of the ripples does not increase any further). 

When the rate of fallout starts decreasing and bed traction 

decreases more rapidly, while the suspension/traction ratio and cohe sive-

ness continue to increase, the ratio t !t
8
. tends to be 1:1; however, L -

the trough continues to receive a little more sediment through mud 

winnowing. As a result A, 13 and a will decrease. ~ will not decrease 

substantially because of slow ripple migrati.on. Decrease in W will be 

compensated by increasing thicknesses of the lee-laminae at the trough. 

The irregular pattern of grain-size distributi on across ripple at the 

top of the beds (see fig. 8(i) and (ii)) implies that the sediment-size-

sorting power of the current deteriorates significantly towards the top. 



·This eventually supports the assumption that a ripple -drift co.se t 

reflects deposition from a gradually decelerating current. 

The ripple lamina in fig. 38 defined by A
3 

W 
3 

and A
4 

W 
4 

re-

presents a ripple lamina belonging to a dying ripple. It is to be no t ed 

here that wl > w3. The dashed lines over the ripples represent the 

free stream line and the zo'ne of separation. The fat arrows on the 

stoss-sides of the ripples indicate t he distances available to the grains 

t o tr avel on the stoss-slope of the resp~ctive ripples. The dying rippl e 

l amina shows the following features: (i) upward decrease in A, f3 , 

and a, (ii) slight decrease in ~ upward, (iii) W continues to incr e ase 

slowly upward, (iv) tL/t
5 

value approximately 2, (v) lamina thick est 

i n the trough and (vi) A = A but A
2 
>A . 

1 3 . 4 

Following the lines of argument presented before, it can 

be envisaged that as the coset thickness increases, the travelling 

distance of the grains on the stoss-slope ·of the longer upstream ripple 

continues to increase, but that on the stos s- slope of the shorter down-

s tream ripple it continues to decreas e . As a result, the trough 

r eceive s, in addition to the w i nnowed mud , a little more of the tractive 

l oad (in spite of the increasing co h e sivene s s, which is bal a n ced b y the 

preserved momentum of the grains that tracted a relatively sho r ter 
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distance). As the height (i.e. amplitude) of the upstr eam ripp le conti nues 
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to increase upward through the coset, the free streamline, at a c e rtain 

s t age, will bypass the dying ripple and will reattach on to the stoss­

s i de o f t he next ripple downstream. The dying ripple under such 

conditi ons will be buried more quickly. It appears that the phenomenon 

of overtaking, once started, will effect the downstream ripples over a 

certain bed length, and this is precisely the case with bed 4 77 of St. 

Maurice. 

The phenomenon of overtaking has also been observed at 

two or t hree places in the beds 5 and 7 of Pe t ite Vall~e, but no down­

curren t effect was observed in those cases. It appears that a m e re 

initial difference in wave length is not the only clue to overtaking. 

It seems that a certain grain-size range of the sediment (see tab l e VI 

for the coarse tail1neasurements of the beds 5, 7 and 477) and a fairly 

fast rate of deposition (indicated by unusually high e) for a cons i der ­

able length of time, are also important. The supporting evidenc e 

come s from the facts that (i) in beds 5 and 7 of P~tite Vall~e the grain­

size range is the same as in bed 4 77 but average e.- (see Table V ) is 

much higher in bed 4 77, (ii) overtaking has not been observed in 

t he thinner cosets and (iii) overtaking has not been observed in coarser­

grained beds. Rees 1 (1966) observation, mentioned ear lier, also lends 

support to the postulated mechanism. 



'4. 2. Classification of Ripple-Drift 

The revised classification ,of ripple-drift proposed by 

Jopling and Walker (1968) is reproduced in fig. 39. The ripple-drift 

they described was deposited, at least in part, by density currents, 

and the different types of ripple -drift exhibited a complete spectrum 

between two end members (i) Type-A (sto.ss eroded) and (ii) sinusoidal 

ripple lamination. The trend fro1n A to sinusoidal indicates a gradual 

increase in the suspension/traction ratio of the load. Type-C, an 

"off shoot" of the spectrum has been described by Jopling and Walke r 
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as a turbidite type. Type-C represents swift climb and rapid deposition 

from suspension onto both stoss and lee sides, resulting in both upward 

and forward climb, a graded coset passing upward :into mudstone, a 

gradual decrease in amplitude upward and a segregation of mud and 

mica flakes on to the lee side of the ripples. 

In his first classification, Walker (1963) suggested that 

the type -A is formed in fluvial and shallow water environments . 

However, in a second paper, Walker (1965, p. 15) cited a few examples 

of the occurrence of type-A in turbidites of the Ordovician Martinsburg 

Formation (McBride, 1962, fig. 9, p. 51) and the Devonian Jennings 

Formation (Mciver, 1961, fig. 31, p. 95) and concluded that "The 

apparent rarity of type -1 (i. e. type -A) ripple -drift in turbidites 
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-suggests that a slow rate of fallout of sand grade particles over a 

fairly long interval is an uncommon process of deposition from turbidity 

currents". In a third paper (Walker, 1969, p. 391) he suggested that 

''the type -A ripple -drift would imply sufficient fallout to make the 

ripples climb but insufficient for stoss-side preservation". 

In the Cloridortne turbidites, the author noticed many 

occurrences of type -A ripple -drift. This type does not generally 

form a complete coset, but is found in t.he lower part of almost every 

coset. The angle of climb in this part is low. The upper parts of the 

cosets consist of stoss-preserved ripple-drift. From what has been 

discussed earlier and from the available field evidence, it appears that 

the formation of type-A ripple -drift by turbidity currents is commoner 

than was implied by Walker. 

·Recently, Allen (19 70b) proposed a classification which in 

essence is a theoretical treatment of the descriptive classification of 

Jopling and Walker {1968). Fig. 40, taken from Allen's paper, shows in 

detail the types of climbing-ripple cross-lamination and the predicted 

patterns of climbing-ripple cross-laminati~n types resul ting f rom non-· 

uniform flow, unsteady flow and simultaneous non-unifo~m and unsteady 

flow. All these types or varieties of climbing-ripple cross-lamination 

belong to a continuous morphological serieso The classification does not 



FIG. 39 . Classification of ripple-drift cross-lamination proposed 

by Jopling and Walker (1968), based upon 

ratio of fallout from suspension to bed-load 

moved by traction. 
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F IG. 40. 

Types and patterns of climbing-ripple cross-lamination 

after Allen (1970b~ fig. 7): 

a. main type9 of climbing ripple cross-lamination; 

b. schematic predicted horizontal sequences of cross­

lamination types resulting from non-uniform 

flow; 

c . schematic predicted temporal sequences of cross-lamination 

types resulting from unsteady flow; 

d. schematic predicted space -time patterns of cross -lamin ation 

types resulting from simultaneous non-uniform 

and unsteady flow. 
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·distinguish a separate turbidite type like 'type-C' of Jopling and Walke r 

(1968) . Allen (1970b, p. 24-5) states, "Depositional systems whic h are 

simult aneously non-uniform and unsteady give deposits in which both 

horizontal and vertical variations of type of cross -lamination ar e 

apparent. If the unsteadiness is periodic, the eros s -lamination types 

can occur vertically in cyciical patterns ... . A selection of possible 

sequences of structures is sketched in fig. 7d' (see fig. 40 in this text) 

'from which it is seen that the vertical pattern of types at a station 

depe n ds on the position of that station in the system. Generally speak-

i ng, the range of cross-lamination types is greater in distal than in 

' proximal positions. 

'cross-laminated deposits showing patterns related to those 

in fig. 7d appear, rather unexpectedly, to be uncommon. From the 

Langdale Slates, however, Sorby (19 08, plate 16) figured a bed i n which 

the angle of climb changes upward from moderat~ly steep (type - B) to 

gentle (type -A) and then reverts to moderately steep and finally steep 

(type B and S). This sequence means an increase of current ve l ocity 

. -
followed by a decrease .... Perhaps the mqst important examples a re 

afforded by Jopling and Walker (1968, fig~ 4 , 7, 8) from their studies 

of a proglacial lake delta .... They describe from the 'foreset' deposi t s 

of the delta a sequence in bed of which the principal succession of 



cross-lamination types isS~ B
2 
~ B

1 
~A. , the type A cross­

lamination at the top of one bed generally passing rapidly up into the 

type S beginning the next. " . 

In the Cloridorme Formation, the vertical sequences ob­

served by the author are, in Allen's terminology, A, A~ B
1 

- > B
2 

and B 
1 

--+ B
2

; type S is apparently absent. However, Allen's clas­

sification is not so applicable to turbidity-current-formed ripple -drift 

cross-lamination as that of Jopling and Walker. 
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All these examples show that the predicted patterns in 

vertical sequence can be found in the geological record. The author does 

not know of any example of the predicted downstream variation of the 

patterns (see fig. 40d). In the Cloridorme Formation, ripple-drift beds 

are sometimes found exposed for several hundreds of feet (e. g. bed 477 

of St. Maurice exposed for a length of about 1200 feet), but no down­

current variation of the patterns were noticed in any of the beds. 

However, Allen does not predict over what downcurrent distances these 

changes are to be expected. From experience, we know that the ripple­

drift beds do not continue laterally for great distances. For example, in 

the Cloridorme Formation, the lateral continuity is less than 1 kilometre; 

in that case one might expect to find some of the predicted late r al changes 

if the beds are exposed for several hundred feet. 



In conclusion, these classifications, which in essence are 

one and the same, give us an idea about the environmental significance 

of deposits with ripple-drift, in terms of hydraulics. But, given only 

the geometry of ripple-drift structures, Allen concludes, "we can not 

say, what was the absolute total-load sediment transport rate, nor can 

we estimate the sediment deposition rate". 

4. 3. Grain Size 

In the present study it has been f ound that the rocks c on­

taining ripple -drift are very fine grained (see Table- VI), mainly silts 

and clays and subordinately fine sand. Enos (1969a) also noted this 

characteristic feature of the sediments. The ripple .;..drift of Langdale 

Slates (Sorby, 1908), Gamlan Flags (Kuenen, 1967) and many oth er 

examples of both the climbing and the non-climbing turbidite ripples 

also reveal this characteristic feature. 
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It appears that the fine grain size is typical of turbidites 

(Kuenen & Humbert, 1969), whereas in rivers and tidal channels, many 

examples of coarse-grained ripples and megaripples exist. But a river 

in flood, when waning, closely follows the f low-properties of a decelerat-

! 
ing t urbidity current and examples of ripple -drift frorn the flood-plCI.in 

deposits of the Colorado River (McKee, 1965, fig. 3c, d; p. 75 ) also 

show that the upper li~it of grain-size is fine sand. 
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Experimental studies indicate tha t rippling does not start 

until the velocity of an overloaded suspension current drops below 

Gilbe r t ' s second critical velocity (Kuenen, 1967, p. 222). The capaci ty 

for fine sand is then decreasing and the finer grains start to reach the 

bottom. 

In a recent paper Kuenen and Humbert (1969) have dem on·­

strate d that the turbidite ripples show good sorting and a log-normal 

grain-size distribution restricted to me.dians of very fine sand t o silt, 

and claimed that these features are not exhibited so consistently by very 

many current ripples. 

Table-VI reveals that the Cloridorme ripple-drift cosets 

i n ge neral show a gradual decrease in the maximum grain-size f rom 

base to top. Downcurrent decrease in the maximum grain-size is not 

very apparent. Middleton (1962, 1967) has d emonstrated that the max i­

mum size values emphasize the grading c·haracte~istics of the b e d as 

shown by the mean size, with a few exceptions. 

At a particular place a bed of ripple-drift is deposite d by 

the parts of the tail of a turbidity current p~ogre s sively furthe r beh ind 

in the current, and the process results in a vertical grading (Ku ene-n 

and Migliorini, 1950; Kuenen, 1967). In the present study, measure­

ment s of max imum grain-size (i.e. mean of 10 largest gr~ins) have been 



carried out only from two positions of every bed, i.e. top and bottom. 

However, it appears the ripple -drift beds in general show good norn~al 

vertical grading. Downcurrent decrease in grain-size, attributed to 

decrease in velocity, did not show up in the present study, probably 

because of the short exposed bed lengths. 
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Ripple -drift indicates relatively swift deposition. However, 

normal grading may also result from rapid deposition provided the 

suspended material in the turbidity current i s normally graded (Kuenen, 

1966) . Deposition of a ripple-drift bed from a turbidity current takes 

place in the later stages of flow; the suspended material thus ge t s 

sufficient time to become normally graded. 

The grain-size distribution across three ripples, shown in 

fig. 8 , reveals that (i) at the top of the beds the distribution is haphazard 

but (i i) at a lower level, the distribution shows a definite pattern with 

coarsest grain-size near the crest. This implies that the size sorting 

power of the current gradually decreases upward through a coset and 

near the top sediments are deposited mainly from suspension. However, 

winnowing of mud presumably continues even in an extremely low current 

stren gth. 
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Many workers (Sestini and Curcio, 1965; Potter and Scheide gger, 

1966) h ave observed that in graded turbidites, the total bed thickn ess in-

creas e s as the maximum grain-size in a bed increases. In the present 

study a correlation coefficient of 0. 53 with a sample size of 47 proves to 

be significant at the 95% level (fig. 24A), and hence the relationship 

between maximum grain size and bed thickness described by Scheidegger 

& Potter, and others, is confirmed. 

The positive relationshi p be.tween the maximum grain -si z e 

and t h e angle of climb (see fig. 24B) is obvious because the relationships 

between (i) E and coset thickness, and (ii) coset thick ness and gr ain--size, 

are also positive. 

An examination of figs. 35 and 36A, B reveals that e a ch of 

the param.eters W, A and RI decreases as t h e maximum grain-size 

incr e ases. Studies of ripples fron1. various other e nvironrnents 

(Reineck and Wunderlich, 1968) have reveale d that t h e RI b e con1.es 

smal ler with the increasing values of mean grain-size, i.e. the ripples 

in coarser sand increase in amplitude in relation to w ave length . Experi­

ment al studies (Guy et al., 1966) with materials coarser than fine sand 

show that W increases as grain-size increases. From what ha s b e en 

discus sed earlier, it follows that the increase in W vvith decrease in 

grain-size is mainly due to an increase in cohesiven..ess of the depo s ited 

sediment. 



FIG. 41. 

Changes in ripple geometry, after Walker (1969, fig. 12). 

A = changing ripple amplitude due to sedimentation in the ripple 

t roughs. B = changing wavelengths due to different rates of 

deposition and hence different tL/t
5 

values. C = changing 

a ngles of climb downstream as a result of increasing the 

wavelength. 
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'4. 4. Coset Thickness, Lateral Continuity and Rate of Deposition 

The average coset thickne~s of the Clo~idorme ripple-dr i ft 

i s 20 em and the range is 2 - 75 em. Still higher values (98 em) have 

been reported by Walker (1969). These spectacularly high value s of 

coset thickness as against the low downcurrent continuity o£ beds 

(approximately 1/2 km) pose an interestin·g problem. 

The ripple-drift cosets are sometimes traceable (se e fig. 

12) 1 ate r a 11 y for up to 1 2 0 0 f e ~ 1:! ( e . g . bed 1 7 7) . 

Some of the cosets die out within short distances (e. g. bed 1 and 2 of 

/ 
Grande Vallee). Continuity of ripple -drift beds for 

up to 1 200 feet does not seem to be very surprising, particularly whe n 

the co sets are several tens o£ centi metres thick. However, the field 

evidence suggests that the ripple-drift beds are not as lat erally conti -

nuou s as other Cloridorme t urbidites. · 
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Walker (19 69, p. 39 0) attributed this short lateral continua~ce 

of the ripple -drift beds to (i) an increase in wave length up·ward which 

"implies a decreasing mean value of E downstream until climbing ripples 

could no longer be recognised. Also, continuous lengthening of the ·wave 

lengt h downstream would imply impossibly great t hicknesses o£ lee-side 

laminae, and instead of ripple -drift, norma l ripple eros s -lamination 

would be formed", and (iiJ'it is unlikely that a natural turbidity cur rent 

coul d flow for tens of hours in the ripple regime continuously d e posi ting 

sedi m ent". 
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The first explanation is based on a very idealised · situation 

arising out of a purely geometrical analysis. In fig. 4lc, taken from 

Walker (1969), if the wave lengths of the ripples at the base of the coset 

are assumed to be unequal, then G may not necessarily decrease down­

stream. Conversely, in spite of unequal wave length at the base E may 

decrease downstream. Figs. 14, 16, 18, 20 and 22 reveal that neither W 

nor G show any regular pattern of variation downcurrent. Bed 2 of 

Grande Vallee (see fig. 11 and 22), how~ver, does show a little decrease 

i n the mean value of € and a correspondingly very small increase in W; 

but these changes are not very apparent. Rather surprisingly, the 

ripple -drift ends abruptly. Fig. 35 again shows that grain-size is one 

of the factors that control wave length. The relation (increase in wave 

length with decrease in grain-size) supports the idea of Walker. 

The lateral relationship of ripple-drift passing upstream 

and downstream into parallel l0_mination is difficult to explain. A 

recent theoretical paper by Allen {1970a)suggests a possible ans w er. 

In his figure 4, which plots flow power against grain size, it can be 

seen that very slight fluctuations in grain size (at sizes smaller than 

0. 2 mm) could cause fluctuations in the bed form from current ripples 

to upper regime plane bed. However, Allen's replotting of the data 

of Guy et al. (1966) disagrees with the original plot ofGuy et al. (in 
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Simons et al., 1965). In using conclusions from a theoretical paper 

of Bagnold {1966), Allen has ignored the fact that "grain size" in 

turbidit y currents cannot simply be related to settling velocity becaus e 

of complications of high grain concentrations during the depositional 

stages of turbidity currents. He has also ignored the fact that viscosity 

i n turbidity currents bears an unknown relationship to the viscosity of 

pure water. There is, therefore, no well established theory or 

experiment which may be used to explain this abrupt lateral relation­

ship of parallel lamination and ripple -drift. 

Great thicknesses of co sets · indicate that large quanti ties 

of sediment were suspended by the ·turbidity currents before they started 

deposit ing ripple-drift beds. High proportion of extremely fine grai n ed 

material (see fig. 9 for modal analyses) in the sediment provides sup­

port for the assumption that large quantities of silt and fine sand could 

be maintained in high-mud-suspension currents because of the increased 

dens i ty of the currents. Such a suspension current, overloaded with 

fines, presumably up on reaching a certain combination of flow p o\.ver 

and grain size would deposit a thick bed of ripple-drift. 

This hypothe sis of increased density implies a greater 

continuity of beds, but the C loridorme ripple -drift beds appear to b e 

continuous for only about 1 /2 kilometre. Apparently 'con~inuity o£ bed' 

does not have any relation with 'coset thickness'. However, from the 



·experimentally determined rate of ripple migration and the rate of 

depos i tion, we can have some idea about the continuity of the ripple­

drift beds. 

Sorby (1908) first showed that the rate of deposition can be 

estimated from the angle of climb combined with the probable current 

veloc i ty, and his estimate for the growth rate of the ripple-drift beds 

of the Langdale Slates was 0. 017 to 0. 082 em/ sec. On the basis of 

experimental data and field evidence, Kuenen (1967, p. 219) suggested 

a growth rate of 10 min/ em, assuming that the turbidite ripple -drift 

beds generally exhibit an average e of 12° (1 :5). He also states that 

"Ripples resembling those of flysch forn1.ations formed between 80 and 

30 em/ sec and the respective travel velocities were 6 and 0. 1 em/min. 

Let i s be assumed that upward growth in natural beds varies roughly 

between 1 and 1/15 time the travel distance and that the former value 

belongs to slow, the latter to swift currents. In these combinations 

the 30 em current would deposit at 0. 1 em/min or 50 minutes for 5 

em, the 80 em current at 0. 4 em/min or 12 minutes for 5 em. The 

average rate of deposition is probably less _because most ripples climb 

at moderate angles. The average slope of 1:5 could be the pro duct of 

rippl es migrating at 0. 5 em/min and climbi ng 0. 1 em/min". 
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In the Cloridorme Formation it has been observed that t he 

ripple s ~climb a vertical distance of 50 em w i thin a horizontal di s tance 

of 150 em, i.e. the mean slope of the climb angle is 1:3. Kuenen's 

(1967, Table 1) experimental data show that in a current streng th of 

50 em/ sec ripples migrate at the rate of 20m/day= 1. 5 em/min. 

R elating this value to the siope, 1:3, we get a vertical growth rate of 
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0. 5 em/min. It means that a 50 em coset will take approximately 100 

m inut es to form, and during this time the 50 em/sec current will travel 

a dis t ance of about 3 Km. It may therefore be considered that with an 

average 50 em current and an average € of 20° (= 1:3), a 50 em thick 

bed would show a lateral continuity of approximately 3 Km. But as 

mentioned earlier, the Cloridorme ripple -drift beds do not eve n 

continue for a kil ometre. Bed 2 of Grande Vallee offers a good 

exain ple. Fig. 11 shows that the coset is 36m long and 11 em thick 

(average). Assuming a verti cal growth of 0. 5 em/min and · an a v erage 

50 em current, this 11 em coset would theor etically have shown a 

later~l continuity o£ 0. 6 Km. These calculations, based on little expe r i-

mental work, raise some doubt as to the validity of the suggeste d growth 

rate of 0. 1 em/min. (Kuenen, 1967). Even a growth rate as hi gh as 

0. 5 em/min does not help much to resolve the problem. 



4. 5. Angle of Climb 

The various types of angle of climb have been mentioned 

earlier (see fig. 6). It is emphasized that the types were distinguished 

solely for the purposes of field description. It can be seen that the 

difference between type -A and type -C is very little, the latter being 

distinctly sigmoidal in shape with the uppe r infliction point lying at a 

much lower level than it is in the former. Likewise, it is possible 

that i n type -B, the line appears to b~ straight because curving is to o 

subtle to recognise when the e is very low and the coset is very thin . 

Type-D was observed in bed 6 of Petite. Vallee only. Types-E and-F 

are, however, distinctly different, the former shows sinuousity in 
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the l i ne of climb without any sign of erosion, whereas the latter 

empha~izes breaks in the line with visible signs of erosion (see Pl. 33). 

Type - A climb suggests that (i) in the initial stages of 

deposition of a coset, a relatively less · cohesive character of the 

deposited sediment and a relatively high current strength contribute 

towards a moderate fallout and a faster rate of ripple migratio n 

(evidenced by high values of tL/t
5

) resulting in a slow incr e ase in the 

angl e of climb, (ii) with progressive decrease in current stren gth, the 

rate of fallout increases and a progressive increase in cohesiveness 

concomitantly retards the rate of ripple migration (evidenced by de -



crease in grain size and tL/t
5

) resulting in a fast increase in the angle 

of climb and (iii) finally near the top of a coset the angle of climb may 

again decrease a little if a virtually unloaded weak current still exists 

and continues winnowing mud on to the trough until the bed profile is 

levelled. 
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If, however, during the deposition of the middle or upper 

middle part of a coset the rate of fallout decreases more rapfdly than 

the relative decrease of the curr.erit strength, the pattern of clinl.b would 

show a distinctly sigmoidal shape (type-C). Similarly, the straight 

pattern of climb (type-B) might possibly have resulted from a delicate 

balance between the decreasing current stren gth and the rate of 

fallout. The sinuous climb (type -E) is probably due to deposition 

from successive pulses of a flow. Pulses causing slight erosive periods 

may produce a disconnected irregular climb (type-F). 

If type-B climb ·is considered as an ideal case of balance -

between the current streng.th and the rate of fallout, then any change in 

t he configuration of the strai.ght line pattern would imply that som.e 

mechanism, possibly external to the turbidi t y current, regulates this 

change. It is again tentatively concluded that the most likely mechanism 

is the basin floor irregularity. The supporting evidence is provided by 

the facts that the thicker cosets (range 3-75 em) with larger max imum 
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grain size (range 0. 05 - 0. 45 mm) and steeper angles of climb (range 

1° - 43°) are more frequently encountered in the f3 Member (ABC index 
7 

59%) than in the {3
1 

Member (ABC index 11 %) where the cosets are thinner 

(range 2 - 23 em), the angles of climb, showing a straight pattern, are 

less steep (range 1° - 16 °) and the maximum grain size is smaller 

{range 0. 04 - 0. 17 mm). 

Vertical passage of type E and/or type F to types A, B 

or C, and downcurrent passage of types A-> C ~E or F ->C -->-A 

were observed in some beds of Petite Vallee 9 If in a vertical sequence, 

t he occurrence of type E and/or type Fin the lower part of a coset is 

attributable to a combined effect of relatively high current strength and 

moderate fallout, then the appearance of type E and/or Fin a downcurrent 

sequence must also be attributable to the same process. I£ so, the 

possible mechanism can be envisaged as follows: the flow initially 

passing over a relatively low slope and producing type A climb, would, 

on encountering a locally steeper slope, accelerate and produce type C 
I 

and type E and I or F in sue c e s sian and then trace back during the de-

celerating phase through type C to type A after the resumption of the 

slope. 



4. 6. Sole Marks and Current Direction 

The sole marks in the ripple-drift beds are :mainly of one 

type, namely L-ridges, which show a poor to fair developrnent with 

occasional cuspate eros sing bars (see Pl. 6). 

The data. on current directions (see -Table I) indicate that 

the current direction measured from the ripple -drift is close to the 

mean direction of flow given by sole marks in all the localities and also 

close to the individual sole marks of .the ripple -drifted beds. This 

sugge sts that the sole marks, in all probabil ity, were produced b y the 

same current that d e posited the beds. The c onsistency of the current 

directions along the length of the beds and the fairly straight inter­

sectio n of the erosion laminae (Pl. 5) at the base of the beds indicate 

that the ripples are fairly straight crested. Weak sinuousity (Pl. 37) 
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of the crest observed at the t<?P of t he bed-477 i ·s pei4 haps due to the 

prolonged ex istence of a weak current after the supply ran out. Experi­

mental si-udies demonstrate that the irregularity is a function of time 

(Briggs and Middle ton, 19 65, p. 15 ). 

Occurrence of adjacent beds of ripple -drift showing opposite 

current directions were noted at several pla ces. The idea of d ebouchment 

of turbi dity currents from two sources help s to resolve the problem .. 

The r e is no reason why a turbidity current debouched from a s e condary 
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source and at an angle to the main flow direction, can not travel in the 

opposite direction and deposit beds of .ripple - drift, especially when the 

slope s are assumed to be extremely low. It is surprising that t h e 

charact eristi cs (great thicknesses of cosets, grain-size, continu ity 

of beds, _etc. ) of both kinds of beds do not · exhibit any apparently r ecognis­

able disparity. However, it has been obs.erved in the field that the beds 

showi ng opposite current directions do exhibit, in general, a sinuous 

and/or disconnected patte;n of climb; concave-upward climb is extremely 

rare and other types of ·climb are absent. 

4. 7. Summary 

1. 

2. 

The Cloridorme ripple-drift beds mostly occur singl y (i.e. 

entire bed ripple-drifted). Occurrence of cosets of ripple­

drift with Bouma's B laminations and/or graded division A 

are rare. 

Vertical sequence of the types of ripple -drift eros s - lami nation 

observed in the field are (in Allen's (1970b) terr.nino l ogy): 

A, A-~ B
1 
-~ B

2
, B

1 
----> B

2
. Type Sis apparently c::.bsent. 

The cla s sification of Jopling and Walker (1968) fits in well 

with these sequences, except for the fact that type A ripple ­

drift is more abundant than they thought it to be. 
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According to Allen (1970b), ripple-drift beds are supp osed 

to show some lateral changes in sequences of the type s of 

ripple-drift cross-lamination; but presently we do n o t know 

over what distances these changes are to be expecte d . 

However, in the Cloridorme turhidite-s, no lateral changes 

were observed despite t he fact that the ripple-drift beds are 

exposed for up to 1200 feet. 

The three most ·interestil_lg observations of the prese nt s tudy· 

are: (i) the geometrical parameters W, A, f3, a, e a nd 

tL /t
8 

show a definite pattern of change upward through a 

coset. Walker (1969) noted that A gradually decreases upward 

through a coset. The present s tudy shows that W c ontinues 

to increase up through a coset; A, f3 and a increase as long as 

E keeps increasin~ (usually up to about 1/2 or 3/4 the thickness 

of a coset) and then they decrease until the bed is plane; and 

tL/t
8 

decreases upward. It is suggested that these changes 

are possibly attributable to the combined effect of upward 

increase in cohesiveness due to fining upward of the grain 

size, rate of fallout, and upward decrease in curren t velocity . 

(ii) concon'"litant \Vith the increase in ripple size and € , 

the shape of the foreset laminae of the ripples also show a 

systematic change (almost straight to strongly sigmoidal) 

up~vard through the coset. 



5. 

6. 

(iii) the overtaking of ripples, resulting in the merging of 

c"!imbing bands, is another important phenomenon \vhich 

possibly owes its origin to several factors, viz. initial 

difference in wave length, a specific grain size range 

and current strength, and prolonged and sufficient supplyo 

The phenomenon was also observed by Rees (1966) in his 

flume experinl.ents with fine silt. 

The geometrical parameters W, A, (3, a, · ~ and tL/t
8

, 
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do not show any regularity in their downcurrent variability. 

Six types of c1imbing patterns were recognised in the fie l d 

viz. type A (concave-upward climb), type B (straight climb), 

type C (sigmoidal climb), type D (con vex -·upward climb), 

type E (sinuous climb) and type F (disconnected .. irregular 

climb). Of these~ types C, E and F, are normally restricted 

to thicker co sets. Type B is restri<?ted to thinner cosets. 

Its lovv angle of climb probably indicates a lower rat io of 

suspension/traction deposition t han types C, E and F. 

Type A occurs commonly but type D is very rare. 

7. (a) The coarsest grain size in the ripple-beds of the Cloridorme 

Formation is 0. 63 mm. The mean size of the grains is 

about 0. 02 mm. This confirms the observation of Kuenen 

and Hun1.beri (19 69) that turbidite ripples usually have a 

grai n size below 15 0~. 
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(b) There is a good correlation between maximum grain size and 

coset thickness, which agrees with previous studies (e. g. 

Sestini and Curcio, 1965; Potter and Scheidegger, 1966). 

(c) Studies of non-turbidite ripples in sand .(Reineck and 

Wunderlich, 1968) show that W and A"irtcr€ase ·as 

the mean grain · size increases. The present study shows 

that W, A and RI ha\7'e a tendency to decrease with increase 

in maxirnum grain size . Tl?-is possibly is a function of t h e 

fine grain size range and the upward increase in cohe sive-

ness due to normal grading of the sediment. 

8. An abrupt flattening of the gradient of the basin floor, as 

suggested by Walker (1969) might possibly acco,Jnt fo r the 

short lateral continuity ( l Km} o£ the ripple -drift co sets 

and the high values of coset thicknesses (e. g. 98 em). ·The 

rate of growth (0. l . em/min) o£ turbidite ripple-drift beds, 

suggested by Kuenen (1967) doe-s not appear applicabl e to 

the cosets in the Cloridorme Formation. 

9. The lateral change in laminatio~ characteristics noted 1n 

the present study are: Parallel lamination~ Par a llel 

lamination+ ripple -drift----> Parallel lan1.ina tion. T here is 
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presently no well established theoretical or experimen tal 

work which can be used to interpret this lateral relationship. 
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KEY TO APPENDIX lB (ANGLE OF CLIMB) 

Columns Forrnat 

1-4 14 

5-10 F6.1 

11-45 . 7F5. 1 

46-80 7F5. 1 

Content 

Bed Number 

Position on Bed 

Horizontal distances from the 'Position on 
Bed' 

Vertical distances at points corresponding · 
to Horizontal distances (in the same order) 

Note, 999.9 is a false figure; ignore it. 



APPENDIX l.B: ANGLE OF CLIMB t~- 1. 
ST. MAURICE <NORTH OF CHURCH) 

477 o.o o.o 18.0 46.0 57.0999.9999.9999.9 53.5 58.5 68.0 76.0999.9999.9999.9 
477 50.0 o.o 12.~ 47.5 89.5999.9999.9999.9 51.0 53.5 62.5 72.0999.99~9.9999.9 
477 70.0 o.o 53.0 90.0110.0999.9999.9999.9 36.0 48.5 ' 59.3 71.7999.9999.9999.9 
477 100.0 o.o 64.0104.0999.9999.9999.9999.9 45.0 59.0 76.5999.9999.9999.9999.9 
477 130'. 0 o.o 28.0 58.0124.0999.9999 •. 9999.9 41.5 49.0 59.0 68.0999.9999.9999.9 
477 162.0 o.o 4.5 31.0 53.0999.9999.9999.9 54.0 55.5 66.5 70.0999.9999.9999·9 
477 190.0 o.o 43.0 90.0123.0999.9999.9999.9 47.5 52.0 58.o 76.0999.9999.9999.9 
477 218.0 o.o 8.5 46.5 99.0999.9999.9999.9 44.5 46.5 66.3 77.7999.9999.9999.9 
477 261.0 o.o 36.5 58.5 91.5999.9999.9999.9 3~.5 50.0 58.0 71.5999.9999.9999.9 
477 299.0 o.o 23.5 51.0 93.5999.9999.9999.9 43.0 51.0 61.5 69.0999.9999.9999.9 
477 330.0 o.o 29.0 49.0 81.0999.9999.9999.9 45.0 50.0 58.5 75.0999.9999.9999.9 
477 387.0 .o.o 29.5 64.0 94.0999.9999.9999.9 44.5 49.5 56.0 71.5999.9999.9999.9 
477 421.0 o.o 36.0 74.5103.0999.9999.9999.9 50 eO 56.0 64.0 71.0999.9999.9999.9 
477 452.0 o.o 11.0 45.0 75.0115.0131~0999.9 38.3 39.'5 43e0 46e0 49.5 56.0999·9 
477 479.0 o.o 8.o 31.0 55.0999.9999.9999.9 48.5 50.5 59.5 71.0999.9999.9999.9 
477 525.0 o.o 24.0 55.0 95.0999.9999.9999.9 48. 5. 55.0 66.0 74.0999.9999.9999.9 
477 555.0 o.o 11.0 76.0 98.0999.9999.9999.9 55.6 56.0 ~9.0 68.5999.9999.9999.9 
477 646.0 o.o 21.0 36.0 70.0999.9999.9999.9 42·5 51.0 58.5 73.0999.9999.9999·9 
477 682.0 o.o 19.5 37.0 58.0999.9999.9999.9 43.0 48.5 55.0 62.0999.9999.9999.9 
477 717.0 o.o 9.0 62.0126.0999.9999.9999.9 49.5 51.0 63.0 71.5999.9999.9999.9 
477 763.0 o.o 20.0 85.0126.0999.9999.9999.9 42.5 45.0 53.5 66.5999.9999.9999.9 
477 798.0 o.o 14.0 62.0iOle0999e9999e9999e9 47.0 49.0 56.0 67.0999.9999.9999·9 
477 837.0 o.o 22.5 55.5 76.0999.9999.9999.9 36.5 42.0 53.0 64.0999.9999.9999.9 -
477 900.0 o.o 19.0 43.5 67.5999.9999.9999.9 47.o 51.0 58.5 66.0999.9999.9999.9 

WEST OF FAME POINT 
666 o.o o.o 25.0999.9999.9999.9999.9999.9 o.o 2.5999.9999.9999.9999.9999.9 
700 o.o o.o 27.2999.9999.9999.9999.9999.9 o.o 1.8999.9999.9999.9999.9999.9 
701 o.o o.o 40.0999.9999.9999.9999.9999.9 o.o 3.7999.9999.9999.9999.9999.9 
702 o.o o.o 30.0999.9999.9999.9999.999~.9 o.o 5.7999.9999.9999.9999.9999.9 
759 o.o o.o 23.9999.9999.9999.9999.9999.9 o.o 1~9999.9999.9999.9999.9999.9 

765 o.o o.o 23.0999.9999.9999.9999.9999.9 o.o 2.0999.9999.9999.9999.9999.9 
772 o.o o.o 39.0 44.0999.9999.9999.9999.9 0.6 3e2 3.3999.9999.9999.9999.9 
773 o.o o . o 48.0999.9999.9999.9999.9999.9 1.4 3.8999.9999.9999.9999.9999.9 
774 o.o o . o 30.5 46.5999.9999.9999.9999•9 1.o 3.5 3.8999.9999.9999.9999.9 
790 o.o o •. o 28.5999.9999.9999.9999.9999.9 o.o 2.4999.9999.9999.9999.9999.9 
791 o.o o . o 55.0999.9999.9999.9999.9999.9 o.o 7.5999.9999.9999.9999.9999.9 
793 o.o o . o 35.0999.9999.9999.9999.9999.9 o.o 4.2999.9999.9999.9999.9999.9 
794 o.o o . o 30~5999.9999.9999.9999.9999.9 o.o 1.9999.9999.9999.9999.9999.9 
795 o.o o . o 25.5999.9999.9999.9999.9999.9 o.o 2.8999.9999.9999.9999.9999.9 
798 o.o o . o 29.5999.9999.9999.9999.9999.9 . o.o 3.1999.9999.9999.9999.9999.9 
799 o.o o . o 30.0999.9999.9999.9999.9999.9 o.o 2.1999.9999.9999.9999 . 9999.9 
800 o.o o . o 26.5999.9999.9999~9999.9999.9 o.o 1.599~.9999.9999.9999.9999.9 

801 o.o o . o 26.5999.9999.9999.9999.9999.9 · o.o 2.1999.9999.9999.9999.9999.9 
899 o.o o . o 24.5 39.5999.9999.9999.9999.9 9.2 15.3 19.5999.9999.9999.9999·9 

1013 o.o o.o 52.0999.9999.9999.9999.9999.9 o.o 4.5999.9999.9999.9999.9999.9 
1014 o.o o.o 28.0999.9999.9999.9999.9999.9 o.o 2.5999.9999.9999.9999.9999.9 
1015 o.o o.o 58.0999.9999.9999.9999.9999.9 o.o 3.6999.9999.9999.9999.9999.9 
1021 o.o o.o 23.5999.9999.9999.9999.9999.9 o.o · 3.0999.9999.9999.9999.9999.9 
1030 o.o 0.0126.0999.9999.9999.9999.~999.9 o.o 5.5999.9999.9999.9999.9999~9 
1031 o.o o.o 50.0999.9999.9999.9999.9999.9 o.o 3.0999.9999.9999.9999.9999.9 
1033 o.o o.o 70.0999.9999.9999.9999.9999.9 o.o 7.3999.9999.9999.9999.9999.9 
1034 o.o o.o 34.0999.9999.9999.9999.9999.9 o.o 1.3999.9999.9999.9999.9999.9 
1035 o.o o.o 70.0999.9999.9999.9999.9999.9 o.o 2.8999.9999.9999.9999.9999.9 
1036 o.o o.o 40.0999.9999.9999.9999.9999.9 o.o 1.8999.9999.9999.9999.9999.9 
1038 o.o o.o 55.0999.9999.9999.9999.9999.9 o.o 4.0999.9999.9999.9999.9999.9 



PETITE VALLEE ~ HARBOUR,EASTe 
1 OeO OeO 37e0 82e0 92e0111e0133e0999e9 4e3 9e5 l3e0 16e8 20e5 27e0999e9 

2 o.o o.o 37.0 71.0 89.0106.0122.0999.9 9.0 14.5 22.5 30.0 35.5 44.0999.9 

3 o.o o.o 20.0 38.0 60.0999.9999.9999.9 11.5 15.S 19.5 32.5999.9999,9999.9 

4 o.o o.o 16.0 26.0 32.0999.9999.9999.9 o.o 1.2 4.1 5.8999.9999.9999.9 

5 10.0 
5 31.0 
5 48.0 
5 76.5 
5 102.6 
5 112.3 
5 130.8 
5 148.0 
5 164.0 
5 177.5 
5 192.2 
5 200.4 
5 212.5 
5 261.0 
5 277.0 
5 293.0 
5 322.0 

o.o 44.0 75.0999.9999.9999.9999.9 16.0 27.0 38.~999.9999.9999.9999.9 
o.o 87.5138.0169.0999~9999.9999.9 15.5 24.0 33.0 39.0999.9999.9999.9 
o.o 58.0 95.0162.0198.0999.9999.9 10.5 17.5 24.0 31.6 37.5999.9999.9 
o.o 56.0 96.0142.0999.9999.9999.9 15.5 19.5 28.0 33~0999.9999.9999.9 
o.o 19.0 36.0 74.0999.9999.9999.9 18.0 23.0 28.0 32.0999.9999.9999.9 
o.o 28.0 54.0 80.0999.9999.9999.9 21.0 23.0 27.0 34.0999.9999.9999·9 
o.o 48.0 82.0114.0999.9999.9999.9 15.5 26.0 30.0 32.0999.9999.9999.9 
o.o 28.0 54.0 93.0999.9999.9999.9 19.0 23.0 30.0 34.0999.9999.9999.9 
o.o 29.0 57.0 77.0100.0999.9999.9 22.0 22.5 24~0 33.5 39.5999.9999.9 
o.o 26.0 45.0 68.0 84.0999.9999.9 21.0 24.0 26.5 33.0 34.5999.9999.9 
o.o 30.0 46.5 52.0 58.0 73.0 85.5 17.0 . 20.5 23.5 27.2 29.0 32.0 33.5 
o.o 15.0 43.0 60.0 86.0999.9999.9 19.0 21.0 25.5 29.5 32.0999.9999.9 
o.o 40.0 56.0 72.0106.0999.9999.9 16.5 20.5 23.0 28.0 35.0999.9999.9 
o.o 32.o 46.o 58.o 77.0103.0124 •. 0 11.0 18.4 19.5 20.2 24.0 34.5 38.5 
0.0 33.0 52.0 8le0 94.0105.0999.9 19eO 20e5 22e5 26.0 21.0 31.0999e9 
o.o 25.0 43.0 73.0100.0140.0999.9 15.0 16.5 18.5 25.0 31.0 35.0999.9 
o.o 35.0 53.0 74.0 98.0130.0999.9 16.~ 20.0 23.0 26.0 33. 0 38.0999.9 

6 o.o o.o 9.0 24.5 34.0999.9999.9999.9 o.o 1.3 2.0 2.5999.9999.9999.9 

7 30.0 
7 41.0 
7 49.0 
7 71.0 
7 95.8 
7 119. 3 
7 131.0 
7 146.0 
7 164. 3 
7 180. 7 
7 20 0.0 
7 214.0 
7 234.5 
7 259.0 
7 278.0 
7 306.0 
7 320.0 

8 43.0 
8 62.0 
8 151.0 
8 172.0 
8 182.8 
8 187.8 
8 194.7 
8 203.0 
8 209.0 
8 215.8 
8 223.0 
8 228.0 

o.o 31.0 11.0 96.0113.0999.9999e9 
o.o 42.0 93.0128.09 99.9999.9999.9 
o.o 35.0 80.0120.0999.9999.9999.9 
o.o 41.0 95.0114.D999.9999e9999.9 
o.o 33.0 68.011 0 .0999.9999.9999.9 
o.o 58.5 92.0119.0999.9999.9999.9 
o.o 44.0 75.0105.0128.0999.9999.9 
o.o 63.0105.0137.0999.9999.9999.9 
o.o 42.0 84.0109.0142.0999.9999.9 
o.o 46.0 70.0110.0154.0999.9999.9 
o.o 20.5 39.5 63.0 94.0105.0999.9 
o.o 47.0 87.0109.0126.0999.9999.9 
o.o 30.0 59.0 97.0123.0999.9999.9 
o.o 27.0 51.5 77.0100.0999.9999.9 
o.o 33.0 80.0129.0999.9999.9999.9 
o.o 16.0 36.0 55.0 84.0999.9999.9 
o.o 17.0 39.0 52.0 86.0109.0999.9 

o.o 35.0 55.0 69.0 83.0 98.0999.9 
o.o 19.0 47.0 61.0 71.0999.9999.9 
o.o 23.0 38.0 61.0999.9999.9999.9 
0 • 0· 3 1 • 0 6 2 • 0 9 9 9 • 9 9 9 9 • 9 9 9 9 • 9 9 9 9 • 9 
o.o 25.5 38.0 48.0999.9999.9999.9 
o.o 16.0 35.0 58.0999.9999.9999.9 
o.o 38.0 90.5106.0999.9999.9999 •. 9 
o.o 48.0 90.0122.0190.0999.9999.9 
o.o 23.0 so.o 81.0999.9999.9999.9 
o.o 41.0 71.0 81.0116.0999.9999.9 
o.o 40.0 62.5 85.0114.0999.9999.9 
o.o 38.0 69.0 82.0999.9999.9999.9 

11.5 
4.0 
7.0 
4.3 
3.0 
3.5 
3.3 
3.0 
1.2 
4.0 
5.5 
1·5 
3.5 
o.o 
7.5 
3.5 
0.2 

o.o 
o.o 
6.5 
o.s 
o.o 
o.o 
1.5 
o.o 
3.0 
o.o 
o.o 
o.o 

13.5 
9.5 
9.5 
7.5 
6.5 
9.0 

10.5 
9.0 
3.2 
s.o 
8.0 
6.5 
7.0 
3.0 
9.5 
5.5 
4.5 

3.0 
0.5 
8.5 
3.4 
1.5 
1.0 
4.5 
0.5 
5.5 
2.5 
2.3 
4.0 

15.5 
19.0 
15.0 
16.0 
9.0 

13.5 
15.0 
15.5 
7.0 

12.5 
9.5 

14.0 
12.5 

7.0 
14.0 
9.5 
7.0 

20.5 25. 0 999.9999 .9 
24.5999.9999.9999 .9 
23,. 0999.9999.9999 . 9 
20.0999. 9999.9999 . 9 
20.0999. 9 999.9999 . 9 
18.5999.9999.9999 . 9 
16.8 22.0999.9999 .9 
21.5999.9999.9999 .9 
1 1 . 5 18.5999.9999 .9 
18.2 21.5999.9999 .9 
13e5 20.5 22e5999 e9 
17.5 20.5999.9999 .9 
16.5 20.5999.9999 .9 
13.0 16.0999.9~99 .9 
20.5999.9999.9999 .9 
11.5 18.0999.9999.9 
9.3 16.0 20 . 2999 . 9 

3.8 6.o a.s 12.0999.9 
2.2 6.2 9.5999.9999 · 9 

10.5 17.5999.9999.9999 . 9 
6.5999.9999.9999.9999 .9 
3.2 3.5999.9999.9999 .9 
2.5 6.0999.9999.9999 .9 

11.5 14.5999.9999.9999 . 9 
s.o 9.5 19.0999~9999 . 9 

11.5 19.5999.9999.9999 . 9 
9.7 12.5 ~7.0999.9999.9 
6.0 9.5 12.0999.9999 . 9 

10.5 12.5999.9999.9999 . 9 



1-6-3. 

9 449.0 o.o 55.0104.0131.0178.0999.9999.9 o.o 9.0 e 1.s 27.5 30.0999.9999.9 
9 484.0 o.o 60.0169.0211.0284.0374.0999.9 o.o ,4. 5 20.0 26.0 3o.o 48.0999.9 
9 528.0 o.o 30.0 86.0154.0191.0250.0999.9 o.o 4.0 21.5 42.0 49.0 57.0999.9 
9 562.0 o.o 34.0 72.0116.0180.0270.0999.9 o.o le5 14.0 32.0 36.0 53.0999.9 
9 587.0 o.o 52.0102.0179.0238.0282.0999.9 o.o 7.0 18.5 34.0 45.0 58.0999.9 

' 9 607 . 0 o.o 40.0 84.0111.0151.0185.0224.0 o.o 12.5 17.5 29.5 39.0 49.0 55.0 
9 630 . 0 o.o 20.0 67.0101.0122.0149.0999.9 o.o 1e8 17.5 34.0 44.0 -53.0999·9 
9 647 . 0 o.o 56.0105.0153.0204.0259.0999.9 o.o 14.0 22.5 33.5 48.0 62.0999.9 
9 667 . 0 o.o 35.0 90.0138.0164.0232.0273.0 o.o 3.5 12.5 23.5 35.0 57e0 65e5 
9 691 . 0 o.o 78.0114.0169.0197.0230~0276.0 o.o 13.0 20.5 31.0 38.5 46.0 53.0 

10 o.o o.o 40.0155.0196.0232.0999.9999.9 o.o 4.7 . 13.0 21.0 26.0999.9999.9 
10 70.0 o.o 52.0 95.0150.0999.9999.9999.9 5.5 8.5 14.0 24.0999.9999.9999.9 
10 130.0 p . o 31.0 50.0109.0999.9999.9999.9 5.0 11.0 19.5 23.0999.9999.9999.9 
10 250.0 o . o 26.0 39.0999.9999.9999.9999.9 6.0 10.5 15.5999.9999.9999.9999.9 

EAST OF ANSE A MERCIERt GRANDE VALLEE 
1 90.9 o.o 84.0999.9999.9999.9999.9999.9 o.o 11.2999.9999.9~99.9999.9999.9 

2 104.0 o.o 21.0 55.0 74.0999.9999.9999.9 6.0 7.5 10.0 12.0999.9999.9999.9 
2 128.0 o.o 24.5 52.5 85.0101.0999.9999.9 o.o 7.3 8.o 11el 13.2999.9999.9 
2 154.0 o.o 8.5 11 . ·o 103. o 12 5. 0999. 9999.9 o.o 5.4 9.5 11.0 1.3.5999.9999.9 
2 180. 0 o.o 35e5 97e0114e0999e9999.9999e9 · 5·2 6e'3 11.0 13.0999.9999.9999.9 
2 214.0 o.o 69.0111.0132.0999.9999.9999.9 4.0 7.4 11.2 14.5999.9999.9999.9 

3 o.o o.o 16.0 45.0 92.0999.9999.9999.9 4.7 5.6 9.0 12.5999.9999.9999.9 

ANSE A MERCIER WEST, GRANDE VALLEE 
4 o.o o.o 68.0 85.0112.0999.9999.9999.9 20.0 41.0 57.0 63.0999.9999.9999.9 

5 o.o o.o 24.0113.0265.0999.9999.9999.9 lo.o 2.3.0 41.0 5~.0999.9999.9999.9 

6 .o. o o.o 62.0114.0170.0999.9999.9999.9 14.0 22.0 31.0 43.0999.9999.9999.9 

GRANDE VA LL,EE HARBOURt EAST 
7 o.o o.o 50.0180.0999.9999.9999.9999.9 l _o.o 12.Q 17.0999.9999.9999.9999.9 

8 o.o 0.0120.0290.0425.0999.9999.9999.9 24.0 31.0 35.0 ~2.0999.9999~9999~9 



KEY T O. APPENDIX 1C (RAW DATA) 

Columns 

1-4 

5-10 

11-15 

16-20 

21-25 

26-30 

31-35 

36-40 

41-45 

46-50 

51-55 

56-60 

61-65 

Format 

14 

F6. 1 

F5. 1 · 

F.S. 1 

F5. 1 

F5. l 

F5. 1 

FS. 1 

F5. l 

F5. 1 

F5. 2 

FS. 2 

F5. 1 

.Contents 

Bed Number 

·Position on Bed 

Horizontal distance {from the 1 Position on Bed' 
for locating the 'Position within Bed' 

Vertical distance -at the point corresponding 
to the horizontal distance 

Wave Length 

Amplitude 

Vertical distance for the measurement of 
stos s -angle 

Horizontal distance for the measurement 
of stoss-angle 

Vertical dista-nce for the measurement 
of lee -angle 

Horizontal distance for the measurement 
of lee -angle 

Lee length 



.... ~ ·~ .. .......... .... - .. . 

APPDfDIX lC: RAW DATA 1c-1 
ST MAURI CE, NORTH OF CHURCH 

477 o.o 25.5 o.o 51.0 4.0 5.0 22.3 7.5 16.8 Oe45 le10 14e0 1 . 
477 o . o 37.0 o.o 30.0 2.9 3.5 11.8 5.1 14.0 1e20 4.50 12.0 1 
477 o . o 58.5 18.0 31.0 2.2 3.1 18.5 6e0 16.0 Oe50 1.60 9.0 1 . 

477 o . o 68.0 46 .• 0 65.0 4.8 '2 .7 14.0 2.9 12.3 0.60 1.3.0 32.0 1 
477 o . o 76.0 57.0 68eO 1.8 1.5 14•0 1.8 1z'e3 o.ao le10 29.0 l 
477 50 . 0 23.0 o.o 44.0 3.0 4.5 17.2 5.9 l9e3 1e50 5.40 1.7. 0 l 
477 so . o 40.5 o.o 28.0 2e1 3.9 24.4 4eU 17.3 Ue1U 1e2V 1-2.u 1 
477 50 . 0 53.0 12.0 32.5 1.9 4.0 23.2 4e2 18.2 Oe20 0.70 12.0 1 
477 50 . 0 62.5 47.5 36.5 2.3 4.0 31.5 5e5 16e8 •Oe20 0.95 9.5 1 
477 50 . 0 72.0 89.5 41e0 2el 2.6 19.2 3.5 12·7 0.15 0.55 19·0 1 
477 70 . 0 7.3 o.o 36.5 1.8 2.4 17.5 5.1 17•0 Oe30 1e40 8.o 1 
477 70 . 0 23.7 o.o 27.0 1.6 2.5 20.0 6.6 20.0 Oe25 1.50 8.5 1 
477 70 . 0 48.5 53.0 34.0 1.8 4.5 29.0 6.1 29.0 2.50 4.70 11.0 1 
477 70 . 0 59.3 90.0 27.0 1.9 4el 27 .o. 7.3 27.0 1.oo 3.20 9.0 1 
477 70 . 0 71.7110.0 46.0 1.8 1.6 15.0 2.2 15.u le10 1e9U 2u.u l 
477 100.0 7.5 o.o 39.0 4.1 8.0 29.3 14.1 29.3 0.60 1.50 14.5 1 
477 100.0 29.5 - o.o 26.0 1.9 4.8 20.0 4.8 zo.o Oe30 le-20 12·0 l 
477 100.0 45.0 o.o 31. o· 2.2 3.3 18.4 5.3 18.4 1.10 4.20 13.5 1 
477 100.0 59.0 64.0 39.5 2.6 · 4e1 21.3 4.7 21·3 0.60 1.90 16.5 1 
477 100.0 76.5104,0 40e0 1.8 2.5 17.2 2.8 17.2 1e10 2.80 18.0 1 
477 J.30.o 10.5 o.o 41.0 3.3 3.6 19.0 6.6 15.0 Oe90 2.70 12.0 l 
477 130.0 32.5 o.o 34.0 2.5 5.3 24.0 7.5 24.0 0.60 1e90 12.0 1 -
477 130.0 49.0 28.0 35.5 2.1 2.3 19.3 3.7 19.3 u.8u le8U 12.5- 1 
477 130.0 59.0 58.o 43.5 4.6 3.4 16.8 6.9 16.8 0e90 3 .• uu 19.5 1 
477 130.0 68.0124.0 63.0 4.2 2e5 19.6 4e5 19e6 1.30 3.00 27.0 1 
477 162.0 14.0 o.o 43.0 3.0 4.2 23.5 7.5 23· 5~ Oe20 2e00 13.5 1 
477 162.0 28.3 o.o 33.0 2.0 3.0 25.0 5.0 25.0 0.40 1.30 10·5 l 
477 162.0 55.5 4.5 31.0 2.9 3.9 20.0 6.7 20.0 0.45 2e30 9. 5- 1 
477 162.0 66.5 31.0 44.5 3.2 3.7 17.8 .6.6 17.8 0.50 2.10 16e0 l 
477 162.0 70.0 53.0 51.0 3.3 4e4 20.0 4.4 19 •. 0 Oe30 1e10 17e0 1 
477 190,0 17.0 o.o 31.5 2.0 2.8 20.0 · 5.2 23.3 Oe15 1.90 11e0 1 
477 190.0 32.0 o.o 32.5 2.7 4.2 26.2 6.0 19.u Ue25 · 1.6u 12.2 1 
477 190.0 52.0 43.0 40.5 3.2 4.5 20.0 6.3 25 •. 0 Oe20 3.00 14.5 1 
477 190.0 58.0 90.0 3~.0 .2. 8 4.8 21.8 6,5 23e1 2.00 4.20 16.0 1 
477 190.0 76.0123.0 47.0 le6 2e7 30.5 3e2 19•3 Oe10 1e50 14e5 l 
477 218,0 20.5 o.o 34.0 2.1 4.8 28.7 6.8 28.7 ·o.2o 1.50 lOeO l 
477 218.0 33.0 o.o 27.5 1.5 2.2 23.3 6.0 23.3 o.1o 1e·90 10.5 l 
477 218.0 46.5 a.5 50.5 2.8 . 3e1 19.0 3e4 19·8 0.70 2.00 23·5 1 
477 218,0 66.3 46.5 51.0 2.8 4e8 26.3 4e5 21•5 Oe65 2.70 · 18 .o . 1 
477 218.0 77.7 99.0 47.0 1.7 2e2 23.5 3.3 23·5 0.10 0.50 22·0 1 
477 261.0 9.0 o.o 33.0 le9 1.8 17.0 3.3 17e0 Oe25 1~00 10.2 1 
477 261.0 32.5 o.o 32.5 2.6 2.2 19.7 5.3 19.7 1el0 6.80 10.3 l 
477 261.0 50.0 36.5 36.0 3.2 2.2 12.5 2·9 12.5 o.8o 2.3o 14.0 1 
477 261.0 58.0 58.5 37.0 3.1 3.0 19.2 6.5 l9e2 0.20 leOO lleO 1 
477 261.0 71.5 91.5 41.0 2.8 2e9 17.0 3·5 17.0 0.90 _1.60 17.5 l 
477 299. 0 18.5 o.o 36.5 2.4 2.8 17.5 3.7 17e5 Ue25 1.25 15·4 1 
477 299.0 32.5 o.o 28.5 1.9 2.7 25.0 4.7 25.u Ue40 1.25 10eU 1 
477 299.0 51.0 23.5 29.0 2.0 3.5 21.8 8e5 21·8 0.30 1.50 10e5 l 
477 299,0 61.5 51.0 52.0 5.2 3e3 17.5 7.6 12· 5 Oe90 3e00 20.0 l 
477 299.0 69.0 93.5 53.0 3.8 3.1 13.0 4.9 l3e4 0.55 le85 18•0 i 
477 330.0 13.0 o.o 29.5 1e3 0.6 15.0 2.7 15.0 0.35 1.50. 10.5 l 
477 330.0 35.0 o.o 25.0 1.4 2.2 16.0 3.7 16.0 0.20 1.40 . 9.2 1 
477 330.0 so.o 29.0 29.5 2.2 3.2 25.8 6.9 25.8 0.40 2.20 11. 3. 1 
477 330.0 58.5 49.0 34.5 1.9 4e1 22.2 5.6 22.2 0.30 1e30 11·2 1 
477 330.0 75.0 81.0 42.0 1.8 1.3 11.7 3.9 11.7 u.ao 2.9u 1le5 l 
477 387.0 10.5 o.o 25.0 1.4 2.5 23.0 5.4 2'3.0 o.1s 1.00 8.2 · 1 
477 387.0 30.5 o.o 22·5 1.5 2.7 17.2 4•3 17.2 Oe15 1.20 7.0 1 
477 387.0 49.5 29.5 30.0 2.3 2.6 15.2 4.5 15·2 Oe70 2·70 11·2 1 
477 387.0 56.0 64.0 34.0 2.0 2.9 16.7 3e7 16e7 o.so 1e60 l2e5 1 
477 387.0 71.5 94.0 35.5 1.8 1.8 13.6 3e3 10.9 1.20 2.00 11.5 1 
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477 421.0 10.5 o.o 25.5 le5 1.5 17.2 4.1 17 .~2 0.30 1e10 6.5 1 
477 421.0 42.0 o.o 24.0 1e( 1.6 15.8 5e1 15.8 0.30 1.30 7.0 1 
477 421.0 56.0 3.0 28.0 1.5 2.1 17.0 4e3 17.0 Oe25 2.25 6.0 1 
477 421.0 64.0 41.5 37.0 2e2 2.8 17.0 5e1 17·2 o. 35 · 1.60 9.5 l 
477 421.0 71.0 70.0 45.0 3.4 2 .9. 19.0 5.3 19.0 o. 8.0 1.70 18.5 1 
477 452.·0 39.5 11.0 26.5 1.1 leO 20'. 2 3e7 20. 2. .1 ~ 10 4.00 7·5 1 
477 452.0 43.0 45.0 33.5 1.8 1.9 19.2 4e7 19.2 o.8o 4.10 11.7 1 
477 452.0 46.0 75.0 35.0 1.6 2.7 28.4 6.5 28.4 le3U 3e5U 1le5 1 
477 452.0 49.5115.0 48.4 2.0 le6 21.0 7e1 21.0 u.5u 1e8U 10.8 l 
477 452.0 56.0131.0 20.0 1e5 2.1 17.0 4.6 17e0 Oe60 1.25 7.5 1 
477 479.0 14.5 o.o 43.0 1.7 1.4 12.0 2.9 12.0 0.25 0.95 12.5 0 
477 479.0 36.5 o.o 23.0 1e4 3.1 22.8 5e0 22·8 0.15 0.75 7.5 1 
477 479.0 50.5 8.0 39.0 2.7 5.1 31.5 8.9 31e5 o.a5 3.00 13·5 1 
477 479.0 59.5 31.0 59.0 3e4 3~1 21.1 6e4 17·2 Oe70 3e40 12e0 l 
477 479.0 71 •. 0 55.0 50.0 2.8 5.0 21.0 8.7 21.0 0.40 1.30 12.0 1 
477 525.0 8.5 o.o 35.0 2.5 2.5 15.0 3.7 l5e0 Oe70 5.80 1le0 1 
477 525.0 32.0 o.o 30.0 2.3 4.0 23.8 . a.a 23•8 0.50 2.50 ' 8. 2 1 
477 525.0 55.Q 24.0 33.5 2.2 1.3 11.5 3.0 11.5 1.80 4.50 11.0 1 
477 525.0 66.0 55.0 35.0 3.1 3.1 14.3 5.8 16.3 1e10 4.30 13.0 l 
477 525.0 74.0 95.0 38.5 1.9 1.5 13.5 4e8 10e5 o.so 2.30 10e5 0 
477 555.0 15.5 o.o 25.0 2.0 3.8 ' 19.6 3.6 12.0 Oe15 1.30 9.0 1 
477 , ~55.0 29.5 o.o 29.0 2.0 3.8 24 • . 4 . .5.0 16.6 o.ao 2.80 a.5 1 
477 555.0 56.0 11.0 27.0 1.6 2.8 20.-8 5.2 2Ue8 Ue60 2.5u a.5 l 
477 555.0 59.0 76.0 45.0 . 4.3 3.8 16 • . o 3.5 8.5 o.au 4.uu 2leU l 
477 555.0 68.5 98.0 45.0 3.7 2·2 12.1 3e1 12·1 1e00 4.00 17·5 1 
477 646.0 17.5 o.o 57.0 2.0 2.6 22.5 5.2 20.3 0.25 1.00 20.0 1 
477 646.0 30.0 o.o 35.0 2. 2 ' 2.8 21.5 7.4 21.~ 0.20 1.30 10e5 l 
477 646.0 51.0 21.0 43.0 2.1 4.4 29.4 6e3 28e4 0.70 2.85 10e5 1 
477 646.0 58.5 36.0 39.0 4.2 '2 .9 15.0 6·4 15·0 o.ao 4.50 12·5 1 
477 646.0 73.0 70.0 43eO 2e7 3.0 17.2 6.5 17.2 Oe50 2.30 11.0 1 
477 682.0 11.0 o.o 33.5 2.0 2.5 15.0 3.6 15.0 Oe20 1.10 a.o l 
477 682.0 29.5 o.o 25.5 1.7 3.8 25.0 7.2 25·. 0 Oe30 2.30 7.5 L 
477 682.0 48.5 19.5 25.0 2.1 2.6 16.5 5.2 16·5 u.8o 2.1u 8.u l 
477 682.0 55.0 37.0 28.0 2.5 2.5 16.6 4.3 16.6 0.30 2.00 9.5 l 
477 682.0 62.0 58.0 27.5 1.7 2·6 16.0 3 .• 7 16.0 Oe40 le30 9.0 1' 
477 717.0 12.5 o.o 33.5 2.4 2.6 18.0 2 •. 7 12.0 0.25 2.20 12.5 1 
477 717.0 34.5 o.o 27.5 1.6 2•2 16.5 7.1 18e0 Oe40 2.10 6.8 l ' 
477 717.0 51.0 9.0 27.5 1.5 1.6 18.9 4.6 18.9 0.20 1.40 7.5 l 
477 717.0 63.0 62.0 36.5 4.0 2.6 15.3 6.5 11.0 Oe40 3.50 8.5 1 
477 .717.0 71.5126.0 38.5 3.'9 2e6 16.4 5e7 11•5 Oe60 2e40 9e5· 1 
477 763.0 37.0 o.o 24.5 2.0 2.4 17.0 4.5 17.0 0.60 1.90 7.5 1. 
477 763.0 45.0 20.0 31.5 2.9 3e2 17.7 4.7 10·5 Oe40 2e70 8.o 1 
477 763.0 53.5 85.0 34.0 4.4 4.8 ~9.8 9.9 17.0 le70 6.20 11e5 1 
477 763.0 66.5126.0 ·44.0 4el 3.5 16.0 8.7 14·5 l ·e40 4e'40 lOeO 1: 
477 798.0 14.5 o.o 29.5 1.5 · u .a 1u.2 4·2 10·2 ve60 2e4v · 7.5 1: 
477 798.0 29.5 o.o 27.0 z.u 2.4 15.3 4e3 16.3 ·.:; .1 •.) 0 .7 2 9.5 l t 
477 798.0 49.0 14.0 35.0 2.1 1•7 14.0 5.1 14.0 0.50 1.30 7.5 l f 
477 798.0 56.0 62.0 32.0 2.2 1.5 15.8 4.0 15.8 1.10 3.90 9.5 l 
477 798.0 67.0101.0 35.0 2.0 2.0 18.0 5.2 18.0 1el0 3.50 12.0 1 
477 837.0 16.0 o.o 33.0 2.1 2.1 20.3 4e4 20·3 Oe60 z.oo 11.5 1 
477 837.0 35.0 o.o 23.0 1.4 2.4 13.8 3.7 13.8 o.so 2.40 7.0 l 
477 837.0 42e0 22·5 28.0 1e8 2·5 16.5 4e4 16·5 1e50 5.70 8·5 1 
477 837.0 53.0 55.5 31.0 1.4 1·4 13.8 3·6 13·8 Oe60 2e20 7.0 1 
477 837.0 64.0 76.0 35.0 1.4 2·6 23.3 7.8 23·3 0.60 2e40 6.7 1 
477 900.0 31.5 o.o 27.2 1. 9 ' 3.1 22.0 6.4 22-.0 0.70 4.00 9.0 1 
477 900.0 51.0 19.0 31.5 1.8 3.3 24.0 5.0 17.5 0.55 2.25 8.3 1 
477 900.0 58.5 43.5 31.0 1.5 1.8 15~3 4e2 15.3 o.1o 2.80 7 .5 . 1 
477 900.0 66.0 67.0 32.0 1.7 2.0 15.2 4.3 15.2 o.ao 3.00 9.7 1 
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WEST OF FAME POINT 

666 o.o o.1 7.0 25e5 1.0 0.9 13.2 4.0 13.2 Oe20 1e60 6e2 l 
666 o.o 5e0 50 eO 34.0 lel 1.5 15.8 4e2 14el · OelS 2e10 8·2 1 
666 OeO 9.5 95e0 34e0 le6 le1 14e8 5el 14e8 Oe20 2.00 lOeO 1 
700 o.o o.4 5e4 25e0 1e3 1.3 20.0 6.0 14.7 Oel5 1.40 5.5 1 

700 o.o 3.6 54.5 28.5 1e2 1.4 21•8 4.0 lle2 Oe30 2.60 7.5 1 
700 o.o 8e0120.0 37e0 Oe8 Oe6 16e7 3.5 16.7 0.20 le80 7.0 1 
701 o.o 0.4 4.0 31e0 1.3 1.8 18.0 5e2 18.0 Oe30 2e80 7e2 1 
701 o.o 3e7 40.0 33.0 1e3 1e0 14.0 3e3 14e0 Oe25 2e10 7e6 1 
701 .OeO 7.1 8o.o 38.0 0.9 1.2 16.0 3e6 16eO Oe15 0.65 a eo 1 
702 OeO 6e3 33.0 20e0 Oe6 oea 12.2 3e0 12e2 Oe15 1.30 5e0 1 
702 OeO 9e5 50 eO 24e0 Oe8 0.9 13.8 4.8 13.8 Ue20 0.75 4.5 1 
702 OeO 12e8 66e0 35e0 0.6 0.5 14.8 3.3 14.8 Ue10 o.6u 3.5 1 
759 o.o 0.7 9.0 20e0 o.8 leO 14e3 2.9 12el 0.20 1.20 6e2 1 
759 o.o 2e6 33.5 2le5 0.7 1.0 14.0 3·2 14e0 0.10 0.70 5e0 1 
759 OeO 5.7 71.5 34.0 Oe6 0.6 13.0 2e9 13.0 Oe20 0.95 6.0 1 
765 OeO leO 11.5 25e0 1e2 Oe9 14e0 4.4 14.0 Oe25 1.40 5.5 1 
765 o.o 3e0 44.0 30.0 1e5 Oe4 7.2 2e3 5.4 Oe20 1.40 5e5 1 
765 OeO 7.0 8o.o 44.0 o.8 0.5 15e6 4.1 15e6 Ue30 1.5u 7eu 1 
772 OeO 0.7 11.0 24.0 Oe7 leU 17.0 6.5 17.v ve3u 2.7v 4.5 1 
772 OeO 2.8 45e0 36e0 1e0 1.2 22.1 8.6 21e1 Oe45 2e80 6e0 1 
772 o.o 4.6 74e0 42e0 oea Oe6 13e0 5.1 13e0 Oe20 le25 7.0 1 
773 OeO Oe5 9.8 31.0 0.7 0.6 16e0 3.6 16e0 Oe15 1e60 5e0 1 
773 OeO 2e4 48.0 39e0 Oe9 1.1 21.0 2.5 7e6 0.15 1.00 6.0 l 
773 OeO 4e0 79e5 56.0 o.8 Oe4 l4e7 3el 14e7 Oe20 1e30 7e5 · 1 
774 OeO leO o.o 24.0 Oe9 Oe9 ·14e 2 Ae5 l4e2 Oe15 1e10 4e5 1 
774 OeO 2e0 24e5 29e0 leO 0.9 12.2 2.8 12e2' ve2u 1.2v 7e u 1 
774 o.o 3e8 46e5 42e0 1.0 OeB 18e6 4.8 l8e6 ' Oe25 1.20 7.5 1 
790 OeO Oe8 8e9 35e0 oea Oe8 20e0 6e6 20e0 OelO le05 4e5 1 
790 OeO 4e3 51e3 46.0 Oe9 1.1 23e6 7e6 23e6 Oe25 1.70 5.5 1 
790 OeO 8e2103e0 59.0 0.6 0.9 25.0 6.8 25e0 Oel5 le10 6e0 1 
791 OeO Oe7 5e5 28.0 Oe8 0.4 11el · 3el 1lel Oe15 1e20 4e5 1 
791 OeO 7e5 55 eO 34e0 1e2 Oe6 12e1 5e0 12e1 Oe25 1e4U 6e0 1 
791 o.o 13e7 99'e9 43e0 1.2 u.s 15.4 4.1 15.4 uel5 0.85 7.5 1 
793 OeO Oe4 3e5 30e0 Oe7 Oe5 15e2 4e5 15e2 Oe30 3e40 4e0 1 
793 o.o 4.6 38e5 32.0 1.2 Oe9 14.4 5.9 14e4 Oe20 1e60 5.0 1 
793 OeO 9.5 78.5 37.0 0.9 o.1 16e5 3.8 l6e5 Oel5 1e40 6e5 .J. 
794 o.o 1el 18.3 26.0 leO 0.9 14e5 4e6 14.5 0.20 1e60 5·0 1 
794 OeO 2e5 40.0 32.0 lel leO 16e5 5.9 16e5 Oe20 1e10 5.5 1 
794 o.o 7.6122.0 49.0 o.a 0.4 l7e5 3e3 17.5 Uel5 1.45 6e·U 1 
795 OeO le4 12e7 29.0 1e1 lel 13e4 4e6 13.4 ue20 le71.i 5ev 1 
795 OeO 5e6 51 eO 34.0 le4 leO 15e3 7e2 15e3 Oe20 leOO 5e0 1 
795 OeO 9e9 90e0 50.0 leO Oe7 17.1 4.3 17e1 0.25 1.10 1·0 1 
798 o.o 3.1 29e5 26.0 leO leO 15.0 6.2 15.0 Oel5 1.10 4.0 1 
798 OeO 8e0 75.0 35.0 0.7 0.6 15.0 3.7 15.0 0.20 1.70 s.o .l 
799 o.o Oe2 3.0 20.5 0.6 o.8 14.8 3e4 14e7 Oe10 _ 0.70 4e5 1 
799 o.o 2.9 42.5 31.0 1.0 0.7 14.1 5.1 14el Ue3U 1.85 5eS 1 
799 OeO 5.7 84.0 38.0 Oe9 u.s 18.3 5.3 18e3 0e15 0.90 5eu 1 
800 OeO 0.3 5e3 23e0 1e0 1.0 17e8 5.4 18e8 0.15 1e95 6.0 1 
800 OeO 1e8 31.8 27.5 1e0 leO 17.6 2.9 8e2 0•15 leBO 5e5 l 
800 o.o 4.5 78e0 39e0 o.s o.a 20.6 4e3 20.6 Oe25 1.60 6.5 1 
801 OeO 0.7 a.o 41.0 o.a 0.6 12.8 2e7 9e8 0.20 1.35 5e0 1 
801 o.o 4.2 53 eO 53.0 1e1 0.7 19e8 6.9 19e8 Oe25 le60 · 5.5 1 
801 o.o 6.3 79.5 66.0 leO 0.7 16.3 4e4 l6e3 Ue35 1e8U 6.5 1 
899 o.o 9.2 o.o 30.0 o.1 0.9 15.0 3.4 15.0 Oe40 1e60 5.8 1 
899 o.o 15.3 24.5 34e5 1e2 1.4 17.0 5e2 17e0 0.70 2e50 6.0 1 
899 OeO 19.5 39e5 35.0 1.4 1.2 17.0 5.0 17.0 1e30 2.70 ·9 .5 1 

1013 o.o 0.9 13.5 23.0 0.5 0.5 13.0 3.0 13.0 Oe30 1e00 4.0 1 
1013 o.o 2.5 28e0 31e0 1.6 o·.8 12.0 2·1 6.2 0.30 2.50 7e5 1 
1013 o.o 4e5 52.0 36.0 o.s 0.7 18.0 3e6 18.0 Oel5 1e00 6e5 1 
1014 o.o o.o OeO 30.0 Oe5 0.6 17.4 4e1 17.4 Oe15 OeBO 5.5 1 
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1014 OeO Oe8 7e5 27e5 leO le6 23e0 2e6 7 e 5'"' Oe1 0 0.90 6e2 1 
1014 o.o le6 24.0 34e0 Oe7 0.5 15.8 3.7 l5e8 Oe10 o.1o 7.5 .1 
1015 OeO o.o o.o 27e0 0.9 Oe6 16e1 5e1 16e1 Oe35 1e30 4e0 l 
101 5 OeO 1e9 22e2 29.5 1.2 1.5 23.6 1.8 6.4 Oe10 0.75 7.7 1 
1015 o.o 3.3 50e5 4le0 0.8 0.6 20.2 4.0 20e2 Oel5 o.as 7.2 l 
1021 o.o · 1.5 12.0 17.0 o.s Oe4 9.2 le8 9.2 o.rs 0.60 5 .• 0 l' 
1021 o.o 2e4 18.5 21e0 o.8 0.6 11.3 2e3 8e2 Oe35 1. 20 4.5 l 
1021 o.o 4.0 3le5 25.0 0.6 0.4 1?.7 3·2 12.7 0.20 0.75 4.5 1 
1030 OeO Oe3 2e5 16.5 Oe8 Oe7 18e0 5.7 18eO 0.30 1.70 4.0 1 
1030 o.o 2e2 50.5 25.0 0.7 0.4 9e0 2.8 9.0 0.35 2.50 5e0 1 
1030 o.o 5.0114.0 32.0 0.6 0.5 11.5 2e9 ' 11.5 Oe25 2.00 5.5 1 
1031 OeO 0.6 10.0 15.0 0.6 Oe4 a.o 2.7 a.o 0.30 2.00 4-.8 1 
1031 o.o 2 e·2 36.0 17.5 o.a 0.7 1le0 3.4 10.8 0.35 2.80 5.2 l 
1031 o.o 5e3 90.0 ~3e0 0.7 Oe s· 13.2 3·4 13e2 Oe25 2e30 6e0 1 
1033 o.o o.1 o.o 17.0 0.6 Oe8 14e0 ' 4el 14.0 0.45 1. 70 ' 4.0 0 
1033 o.o 3.6 35.0 35e0 . 0.9 0.9 14.8 2.8 11.8 Oe35 2.10 8.0 0 
1033 OeO 7e3 70.0 47.0 o.1 0.5 11e2 z.o 11·2 0.30 1.40 8.5 0 
1034 OeO 0.4 10.5 18.0 Oe5 0.6 17e0 3.5 1le7 Oe30 2e40 6e4 1 
1034 o.o 2e6 68.o 21e0 · Oe6 0.4 11.6 3.9 l1e7 u.2u 2euu 5.2 1 
1034 OeO 4e6120e0 28.0 u.s u.4 12.5 2.1 11e2 ve2u 1.85 7.5 1 
1035 o.o 0.3 7.0 25e0 o.8 o.5 17e0 1·7 9.o 0.15 1.40 7e5 1 
1035 ' o.o 2e8 70e0 28e0 leO Oe3 7e9 2e8 15e0 o.so 4e20 8eO 1 
1035 OeO 4e0 99e0- 34.0 o.8 0.4 lOeO · 2e3 10.0 Oe45 2.30 9.8 1 
1036 OeO O-e4 8.o 26e0 o.8 0.9 20.0 4e1 12e6 Oe30 1e90 5e0 1 
1036 o.o 1e8 40e0 36.0 o.1 Oe6 12.0 2e9 12·0 Oe15 1.20 6.5 1 
1036 OeO 3.0 68.0 44e0 o.s 0.4 20e0 2·9 20.0_ o.3o 1·60 8·0 1' 
1038 o.o 0.3 . 4.0 22e5 leO o.8 .12.0 3e2 15eO '" Oe25 2el0 4.5· 1 
1038 OeO 2.1 27e0 31e0 1.0 1.2 16e8 3e4 16eO ·o.3o 2.30 5e0 1 
1038 o.o 4.0 55 eO 38.0 ' o.8 lel 15.5 . 2.9 l5e0 OelO 0.60 6e0 1 

PETITE VAL LEE HARBOUR, EAST 
1 OeO 4·3 o.o 16.5 1·1 1el 12·8 4e7 12·8 Oe10 Oe95 5e5 l 
1 OeO 9.5 37e0 21.0 leO Oe8 10e6 1e9 10e6 Oe20 1e10 6.5 , l 
1 OeO 13.0 82.0 27.0 leO 1 .1 14e2 3.0 14e2 0.15 0.75 6.7 1 
1 o.o 16.8 92.0 29.0 le4 1.0 9.5 3·2 9.5 0.20 1el0 6e0 l 
1 OeO 20.5111.0 32.5 0.7 0.5 11e0 2.4 . lleO 0.25 1.oo 7e2 1 
1 o.o 27.0133e0 34.5 o.s Oe3 11.3 1·5 11·3 0.50 1e25 1·8 l 

2 OeO 9e0 o.o 28.0 1.0 1.1 15.5 2.3 15.5 0.30 1.30 10.0 l 
2 o.o 14.5 37.0 31.0 o.9 le4 17.8 2e9 17.8 Ue3U lelu lleO 1 
2 o.o 22e5 71.0 36.0 2.7 2e3 17.1 6.3 l7e1 1e10 3.20 12.0 1 
2 OeO 30e0 89.0 37.5 1e1 le1 20.0 3e0 20.0 0.40 1.10 8.5 1 
2 . o.o 35.5106.0 46.0 1.3 1.0 18.0 2.5 18.0 0.30 o.ao 13.-0 1 
2 o.o 44.0122.0 48.0 1e1 1el 18e2 2.1 18e2 Oe60 1.oo 16.0 l 

3 oeo· lle5 o.o 34.0 1.1 0.5 7.0 1.9 7.0 Oe50 2.40 15.0 1 
3 o.o 15.5 20.0 .43. 0 o.1 o.8 12.0 2.2 12.0 Oe40 1.40 9.0 1 
3 o.o 19.5 ~8.0 53.0 1.0 1.0 12e0 2.3 12.0 0.60 le60 14e5 l 
3 OeO 32e5 60.0 54.0 2.2 1.2 14eO 4e3 10.0 0.50 1.90 13e0 1 

4 o.o o.o OeO 19.0 o.s 1.2 16.3 3.2 16.3 0.20 2.35 7.0 1 
4 o.o 1e2 16.0 25.0 1.4 1.8 20e0 5.2 20.0 o.1s 1.40 8.0 1 
4 o.o 4e1 26.5 23.5 1e2 1e9 16'• 3 4e5 17e3 Ue1S l.6u 8·5 l 
4 o.o 5.8 32.0 25.0 1.1 leO 13e5 4e9 13-. s Oe15 1.00 9.0 - 1 

5' 10.0 l6e0 o.o 35.0 0.4 0.5 9.5 o.s 7e000.2000e35 13·5 l 
5 10.0 27.0 44.0 53.0 1.6 leO 10.5 o.8 3;.ooo.3ooo.s5 20.0 1 
5 to.o 38.0 75.0 55 eO leO 0.7 10.0 o.s 5e000e3000e45 21·5 1 . 
5 31.0 15.5 o.o 4'8e0 0.5 2e1 30.5 2.3 2 8 • 0 0 0 • 4 0 0·0. 7 0 16.0 . 1 
5 31.0 24.0 87.5 42.0 1.1 0.6 8e5 0.9 8.500.2000.60 15•5 1 
5 3le0 33.0138.0 34.0 1.5 Oe7 10.0 1·2 l0eOOO.l000.30 13.0 1 

r , . 



-· ' ···- - .. ~-·~ . 

i~- s 
5 31 . 0 39.0169e0 62.0 le5 leO 15.0 1·5 to.oooe1000.60 19e0 1 

5 48 . 0 39e0192e0 7le0 0.9 leO 40.0 leO 30 ·.ooo.0500.I3 24·0 1 
5 48 . 0 19.5 88.5 47e0 1.1 lel 16.0 1e1 10.500e1500.20 18.0 l 

5 48 . 0 26.5144.0 62e0 Oe9 Oe5 zu.u 0.6 15e50ueu5uu.15 22e U l 

5 48 . 0 10.5 o.o 32.0 1e1 1.0 1o.o o.a 4.000.1500.45 8e0 1 
5 76.5 15.5 OeO 33.0 0.6 0.4 7 . -o · 1e4 7eOOO.I000.20 12.0 l · 

5 76.5 19.5 56.0 45.0 1.5 0.3 6.0 1·3 6e000e1000e25 17.0 l 

5 76.5 28.0 96.0 46e0 1.2 0.7 10.0 1·6 10.000.3000.50 l9e0 l 

5 76.5 33.0142.0 84.0 o.s 0.3 10.0 0.7 10.000.1000.15 37.0 1 
5 102e8 18.0 o.o 41.0 0.7 o.s 10.0 le5 10e000e600le30 16e0 1 
5 102.8 23.0 19.0 43.0 1e3 o.1 10.0 le8 7.ooo.3000e90 15e0 1 

5 102.8 28.0 36.0 40.0 1.2 0.6 10.0 1e7 10eooo.2ooo.5o 14e5 1 
5 102.8 32.0 74e0 37.0 1.2 0.6 10.0 . 1. 8 10.000.2000.45 13.0 1 
5 112.3 21.0 o.o i+8e0 1.1 o • .z 7.0 1.3 7.000.3000.45 16.0 l 
5 112.3 23.0 28.0 56.0 1.3 1.1 10.0 1.7 10.001.0002.50 20.0 1 
5 112.3 27.0 54.0 62.0 1.5 0.8 10.0 le5 10.000.7001.10 21.0 l 
5 112.3 34.0 80.0 59.0 1.4 0.6 1u.o 1.3 1u.uuue150u.4v 17.0 1 
5 130.8 15·5 o.o 28.0 · 0.6 Oe2 4.3 0·5 4e300e3000e50 10·5 1 
5 130.8 26.0 48.0 45.o· 1.3 0.4 8.0 0.6 8.ooo.2ooo.35 17.0 1 
5 130.8 30.0 82.0 71.0 3.7 0.6 8.0 1·2 8.ooo.8ooz.8o 27.0 1 
5 130.8 32.0114e0 68.0 Oe9 0.3 8.0 0.6 8eOOOe500leOO 22e0 1 
5 148e0 19.0 o.o 46e0 1e2 1.0 15.0 leO 10e500.3000.50 17.0 1 
5 148.0 23e0 28e0 44e0 1.7 o.5 6.5 0.9 6.500.3000.70 17e0 1 
5 1.48 e 0 30.0 54.0 42e0 Oe9 leO 13.5 leO 7eOOOe3000.60 1le5 1 
5 148e 0 34.0 93e0 38.0 0.6 0.5 8.5 leO 10.001.0001.55 14e0 1 
5 164e 0 22.1 9e0 52.0 1e8 0.2 10.0 1·6 10e001e0001e50 16.5 1 
5 164e 0 24e5 26.5 55.0 2.2 0.6 9.5 le9 9.5'00e2000.70 19.0 1 
5 164. 0 29e3 33.0 48.0 1e9 Oe5 9.5 1·8 9e500e6001.25 ra.o 1 
5 164. 0 38.0 65.5 49.0 0.8 Oe2 12e0 le4 12.000e1000e15 16.0 1 
5 177. 5 21.5 o.o 46.0 1.2 0.3 5.4 0.4 5.400.1000.25 16.0 l 
5 177. 5 26.0 26.0 49.0 1. 1 0.5 10.0 Oe9 10e000e4001e00 17e0 1 
5 177. 5 31.0 45.0 57 eO le4 Oe4 7.0 . 1e7 7.000e2500e85 14e0 l 
5 177. 5 35e0 68e0 47.0 1e6 1.0 17e0 1e0 4e500e0500e55 16•0 1 
5 192e 2 20.5 o.o 40e0 Oe9 0.6 10.0 leO ro.ooOel000.15 16e0 1 
5 192. 2 23.5 16.5 37.0 1e3 Oe9 10.0 1.3 1u.ouu.roou.2u 15e5 · 1 
5 192. 2 27.2 22.0 36.0 1e4 le3 1u.u 2·2 1ueuuue25uu.8u 7eu 1 
5 192e 2 29e0 28.0 34.0 1e5 1.5 10.0 2.9 10.0 Oe25 0.95 6e5 1 
5 192. 2 32.0 43.0 38.0 1el Oe7 10.0 1.5 10e000e1000.25 8e5 1 
5 192. 2 33.5 55.5 41.0 0.9 0.4 10.0 o.8 l0e000elOOO.l5 14.0 1 
5 200. 4 19.0 o.o 38e0 0.9 0 ·.4 7.0 0.9 7.000.2000.35 a.o 1 
5 200. 4 21.0 15.0 41e0 1.1 0.5 10.0 1.4 10.000e3500.70 8.4 1 
5 200e 4 25.5 43e0 44.0 1.3 lel 7e0 le9 7e000el000e25 9.0 1 
5 200. 4 29.5 60.0 46.0 0.9 0.4 10.0 1e2 10.000el500.25 12e0 1 
5 200. 4 32.0 86e0 49.0 o.8 0. 3• 10.0 o.a 10e000.3000.40 15·0 1 
5 212. 5 20.5 o.o 42.0 o.8 0.7 9.5 2.5 9e500e8001.20 14.0 1 
5 212e 5 23e0 16.0 43.0 1.4 leO 9.0 2.2 9.000.5001.60 13.0 1 
5 212. 5 28.0 32.0 41.0 1.7 leO 10e5 2·1 l0e500e300le00 12.5 1 
5 212. 5 35.0 66.0 46.0 0.9 0.5 8eO 0.7 8.oooe20oo.so 20e s. 1 
5 261. 0 22.0 14.0 5a.o Oe7 0.3 7.0 Oe7 7.000e3000e50 23e0 1 
5 261. 0 27.0 26e0 63.5 leO leO 9.0 le4 9e000e600le20 19·0 1 
5 261. 0 .30.0 45.0 65.5 2.4 1.4 8.o 1e7 8.-001.0002.30 . 22.0 1 
5 261. 0 37.5 71.0 76.0 1.0 Oe3 10.0 Oe4 8.oooe2000.35 26.0 1 
5 277. 0 20.0 o.o 33.0 Oe7 0.7 11.0 1.2 11.000elOOO.l5 14.0 1 
5 277e 0 22.2 33.5 42.0 1.2 Oe6 8eO 1.9 seoOOe1000.20 13e5 1 
5 277e 0 25.0 52.0 53.0 1.8 0.4 5.0 leO s.ooo.soo1.20 14e0 1 
5 277. 0 29.0 81.0 61.0 2e2 0.2 3.5 Oe5 3e500e3001e20 15.5 1 
5 277. 0 31.7 94.0 64.0 1e1 0.5 8.0 1·1 a.ooo.t500e25 20.0 1 
5 293. 0 17.0 o.o 38.0 1e3 0·6 9.0 1·1 9e000e3000e70 13·0 1 
5 293. 0 19.5 25.0 39.0 1.2 o.8 12.0 1•2 12e000e500le40 14.5 1 
5 293. 0 23e0 43.0 40.0 2.1 1.2 8eu 2.9 a.ouue7uu2.2u 12e0 l 
5 293. 0 30e5 73.0 45.0 1e2 0.6 9.0 leO 9.000.5001.45 11.5 1 · 
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5 293 . 0 37.5100.0 53.0 0.7 Oe6 lleO 1·0 lle000el000e25 14·0 1 
5 322 e0 21.0 o.o 56.0 o.8 Oe4 8.o o.8 8.ooo.2oooe35 _,! 5 1 
5 322 . 0 28e5 53.0 65.0 1. 9' 1.0 7.0 2.0 7.001.3002.50 11.5 1 
5 322 . 0 38e0 98.0 71.0 o.8 o.4 8.u u.7 8eUUVe350Ue55 15· 0 1 · 

6 o . o o.o o.o 21.0 0.9 0.7 15.0 5.0 15.0 0. '2 5 1.30 4.0 1 
6 o . o 1.3 9e0 28.0 0.7 0.5 18e3 2.9 18.3 0.15 Oe70 ·5. 5 1 
6 o . o 2.0 24.5 37.5 0.7 0.4 14.9 2.5 14.9 Oe20 1.20 4.0 1 
6 o . o 2.5 34.0 43.0 0.9 Oe4 l2e7 3.7 12e7 0.15 1.10 5.5 1 

7 30 . 0 lle5 o.o 29.0 o.8 Oe5 8.o leO 8eUUUe15UOe28 6e0 1 
7 30 . 0 13.5 31.0 26.0 1e1 0.6 s.o 1·2 s.ooo.6001.00 10·5 1 
7 30 . 0 15e5 71.0 29.0 1.3 0.5 a.o le8 a.ooo.4501eOO 11.5 1 
7 30.0 20.5 96.0 34.0 1.4 0•6 a eo 2el 8e000e4001.00 9.0 1 
7 30.0 25.0113.0 '37 .o 0.7 0.5 8.0 o.a 8eOOOel000.18 9.5 1 
7 41.0 5.0 o.o 25.·0 0.6 0.6 8eu 1.3 8eOUUelUUUe25 7eu 1 
7 4le0 9.0 30.0 40e0 1.5 leO s.u 2·4 8eUUU•3UUle5U a.u 1 
7 41.0 16.5 82.0 39e0 1.2 0.7 8eO 2.0 8.ooo.1ooo.35 6.5 1 
7 41.0 23.5122.0 45e0 o.1 Oe6 8eO 1.6 8.ooo.1ooo.-3o 10.5 1 
7 49.0 7e0 o.o 30.0 1.1 0.4 5e0 1·3 5.000.2000.70 5.0 1 
7 49.0 9e5 35.0 27.0 o.8 0.6 7.5 1e5 7.500.3000.50 8eO 1 
7 49e0 23e0120.o 39e0 1e3 0.6 8eO 1.6 8.ooo.2000e60 10.5 1 
7 71e0 4.3 OeO 20.0 0.6 Oe7 6.2 1.2 6e200.3500.55 6.0 l 
7 71.0 7e5 4le0 36e5 1.3 0.4 5.0 1e3 5.ooo.2ooo.45 10.0 1 
7 71.0 16e0 95e0 32e5 1.0 Oea 10.0 2e6 10eOOle2002e50 6.5 1 
7 71.0 20.0114.0 42.0 o.s 0.5 8.o 1e2 a.ooo.1500e20 7.5 1 
7 95.8 3.0 o.o 40.0 0.6 0.3 3.5 0.6 3.500.2500.45 9.0 1 
7 95.8 6.5 33.0 21.0 0.7 0.5 5.5 1·3 5e5uu.300u.7u 1.0 1 
7 95.8 9e0 68e0 33e0 1.7 o.5 5e5 1.7 5e5uv.10vv.25 7.5 1 
7 95.8 20.0110.0 41.0 1.1 0.5 5.0 1el 5e000.3000.55 9.5 l 
7 119.3 3e5 OeO 24.0 o. a· 0.4 7.0 1e5 7.000.3500.55 s.o l 
7 119e3 9.0 58e5 50e5 0.9 0.4 7e5 1.4 7e500.2000e35 9.0 1 
7 119e3 13e5 92.0 4le0 Oea Oe5 6e8 le5 6e800.2000.65 7.5 1 
7 119.3 18.5119.0 40.5 1.2 Oe4 5e5 1e5 5e500e2000e70 9e5 1 
7 131.0 3.3 o.o 27.0 o.5 0.3 5.0 0.4 5euou.1oou.15 5.0 1 
7 131.0 10e5 44.0 18.5 0.6 0.4 5.0 2·2 5.ooo.4ooo.so 4.5 l 
7 13le0 15e0 75.0 42.5 1.0 0.5 5.0 0.9 2e800.3000e50 11.3 1 
7 131.0 16.8105.0 47.0 2.5 1.1 8.6 2.8 8.600.3500e60 14.0 1 
7 131.0 22.0128.0 57 eO o.1 0.7 14.0 1.6 l4e000.1500e25 11.5 l 
7 146.0 3.0 o.o 19.0 o.a 1.0 a.5 1.9 Be5ou.l5oo.zs 6.0 l 
7 146e0 6e5 63.0 25.0 leO Oe9 10.5 2.2 lOe5UUe250Ue7U 9.0 1' 
7 146.0 15.5105e0 32.0 leO 0.3 5.5 2.0 11.000.4000.85 9.6 l 
7 146e0 21.5137.0 37.0 o.8 0.7 12.0 1·7 .8e000.3500.55 11·5 1 
7 164e3 1e2 o.o 16.0 o.8 leO 10.0 4.9 10.000.1500e40 3.0 1 
7 164e3 3e2 42.0 25e0 1.0 Oe6 10.0 2·1 10.000.6001.00 7.5 l 
7 164e3 1le5l09.0 39e0 1.1 o.a 8.8 le7 8.soo.2ooo.35 l 3 e5 l 
7 164.3 18.5142.0 22.0 0.9 0.6 10.0 2·2 10.000.3Ct00.50 . 6.5 1 
7 180.7 s.o 46.0 60.0 1.8 1.0 15.0 4.0 15.000.6001.50 1'2.5 l 
7 180e7 12.5 70.0 68.0 1.4 0.3 10.0 3.9 10e000e4001.10 6.0 1 
7 180.7 18.2110e0 31.0 0.7 Oe3 9.0 1·1 9e000.4000e50 9.0 1 
7 180e7 21.5154.0 42e0 Oe5 0.5 10.0 leO 10.000.5000.55 20.5 1 
7 200.0 s.o 20.5 33.0 0.9 1e2 10.0 2e6 10·000e2500.55 9.5 1 
7 200.0 9e5 39.5 39.0 1.0 0.7 10.0 2.5 10e000e7001.75 10·5 1 
7 200e0 13.5 63.0 43e0 1.0 0.6 10.0 1·8 10eOOOe5001e45 10.0 1 
7 200.0 20.5 94.0 48e0 0.6 0.4 6.3 le1 6e300el500.25 8.5 1 
7 214.0 1e5 OeO 16e0 1.1 Oe7 8.1 2.3 8.100.2000.70 5e0 1 
7 214.0 6e5 47.0 21e0 1.0 0.6 9.0 2.1 9.000.5500.90 7.0 1 
7 214.0 14e0 87.0 19.5 0.9 0.5 a.o 2e3 8.ooo.7001.20 5.5 l 
7 214e0 17.5109.0 '13. 5 o.1 0.6 8.2 2.2 8.200.5001.10 4.5 l 
7 214.0 20e5126.0 17.5 o.1 0.5 5.1 1·9 5elOO • .IOOOe30 4.5 1 
7 ' 234e5 3.5 o.o 28.0 1.0 0.6 8.6 3.9 8.600.3500.75 5e7 1 
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7 234.5 7.0 30.0 36.0 1.2 0.6 17.7 5e7 17.700.2000.45 5.8 1 
7 234.5 12.5 59.0 57.0 1e7 1.6 20.0 3e5 20.000.5000.70 18e5 1 
7 234e5 16e5 97.0 21.0 leO 1·8 18.0 5.5 18e000e2000e55 5e2 1 
7 259.0 3.0 o.o 47e0 Oe9 Oe3 11.5 o.8 l1e500e3500e50 14.5 1 

7 259.0 ·1 .o 24.5 52.0 1.,3 o.1 10.0 2e8 10.000.7001.40 10.5 1 
7 259.0 13.0 50.0 42.0 1.4 0.7 9.8 3.3 9e80le0002e2·5 7.0 1 

7 259.0 16.0 73.0 48.0 leO 0.4 lUeU 1e8 1o.ouu.4uou.65 11.u l 

7 278.0 7.5 o.o 22.5 leO 1.6 7.8 2·2 7.8uu.2uuu.5u 6e U l 

7 278.0 9.5 33.0 21.5 1e2 0.5 6.0 1e1 6.000.3000.55 8.5 l 
7 278e0 14eO 80eo 39e5 Oe9 Oe7 10.0 1.9 10.000.5000.90 15.5 1 

7 278.0 20.5129.0 43.0 leO 0.6 10.0 2·0 10e000e4000e70 16.5 1 
7 306.0 3.5 ·o.o 27.0 0.4 0.5 5.9 2.7 5.900.3000.65 3.0 1 
7 306.0 5.5 16.0 28.0 0.6 1.2 10.0 3.8 10.000.1500.35 4.0 1 
7 30 6 .0 9.5 36.0 28•0 leO 1.0 6.2 2.2 6e200e2000e40 5.0 1 
7 306.0 11.5 55.0 25.0 0.9 0.6 6.2 1e6 6e200e3500e60 5.5 1 
7 30 6 .0 18.0 84.0 28.0 1.0 1.6 10.0 3.4 10.000.2500.45 4.5 1 
7 32 0 .0 0.2 o.o 22.0 0.5 o.s 8.2 1e8 8.2o0.25oo.5o 4.0 l 
7 320.0 4.5 17.0 33.5 o.9 o.8 10.7 2.6 10.701.0001.60" 5.0 1 
7 320.0 7.0 39.0 47.0 1.4 0.6 6.3 2.3 6.300.3000.70 8.5 1 
7 32 0 .0 9.3 52.0 54 eO 1.1 0.4 8.9 1·6 8.901.5002.10 7.0 1 
7 320.0 16.0 86.0 36.0 1.4 1.2 5.8 2e3 5.800.6001.60 7.5 1 
7 320.0 20.2109.0 30.5 1.3 o.8 4.0 1·3 4e000e9001.75 7.0 1 

8 4 3 .0 3.8 20.0 28.0 1e2 o.8 12.0 3.0 12.000.1000.40 9.0 1 
8 4 3 .0 6 .0 34.0 30.0 0.9 0.7 9.5 2.7 9. 500.3000 •. 60 6.5 1 
8 4 3 .0 8 .5 48.0 38.0 1.2 1e2 13.0 3.6 1 3 • o o o_. 4 o o 1 • 1 o 11.0 1 
8 4 3 .0 12 .0 63.0 45.0 le4 1.3 15.3 6.3 15.300.2501.20 7.5 l 
8 6 2 .0 0 .5 19.0 27.0 o.8 0.7 12.0 1e8 12e000el000.30 10e0 l 
8 62.0 2 .2 47.0 41.0 1.6 1.4 12.0 5.2 12.000.2001.00 8.5 1 
8 62.0 6 .2 61.0 49.0 1.5 1·5 14.5 4e3 14.500.7002.80 11e5 1 
8 6 2 .0 9 .5 71.0 52.0 1.1 o.8 12.5 3e1 12e500e5001e20 12·0 1 
8 151.0 6 .5 o.o 35.5 0.7 1.2 15.0 2e5 15.000.2500.35 11.0 1 
8 151.0 8 .5 23.0 18.0 0.7 1.5 19.0 3.8 19.000.2000.35 6e0 1 
8 151.0 10 .5 38e0 44.0 1.5 1.8 19.4 5e1 19 .• 400.750 1 .60 10.0 1 
8 151.0 17 .5 61.0 37e0 2.5 3.5 20.0 7.1 20.ooo.5oo t .15 10.5 1 
8 172.0 3 .4 31.0 28.0 o.7 1.2 16.0 2.7 16.000.2500.45 1o.o 1 
8 172.0 6 .5 62.0 28.0 1.1 0.7 9.0 le5 9.000.4000.60 11•3 1 
8 182.8 o.o o.o 27.5 0.6 0.4 12.0 1.2 12.000.2000.30 7.5 1 
8 182.8 1.5 25.5 39.0 0.7 0.5 9.5 1.7 9e500e3500e55 11.0 1 
8 182.8 3 .2 38.0 39.5 Oe8 0.6 12.5 1.9 12.500.4000.65 8.5 1 
8 187.8 1 .0 o.o 17.8 0.6· 0.6 10.0 2e0 10.000.1800.35 4.0 1 
8 187.8 2 .5 19.0 27.0 1e 1 0.4 5.7 2.0 5.700.4000.95 5.0 l 
8 187.8 6.0 42.0 24.0 1.0 1·4 15.0 5·4 15.000.4000.90 5e5 1 
8 194.7 1.5 o.o 17.0 0.6 1.0 15.5 1.5 15.500.3000.50 4e3 1 
8 194.7 4.5 38.0 25.5 0.8 0.7 8.6 1.4 8.600.5000e90 7.0 1 
8 194.7 11.5 90.5 52.0 1.4 1.0 20.0 3.9 20.000e4500.90 11.0 1 
8 194.7 14.5106.0 50 eO 1.8 1.5 25.5 6.8 25.500.4000.85 lle5 1 
8 203.0 0.5 o.o 27.5 Oe5 0.5 14.-0 2.3 14e0 Oe35 o.ss s.o 1 
8 203.0 5.0 42.0 28.0 0.6 o.8 15.0 4.5 15.0 o.so 0.95 5.5 1 
8 203.0 9.5 74.0 29.0 1.5 1.3 15.0 4.8 15e000e4001.00 10.5 1 · 
8 203.0 19.0142.0 57.0 1.3 1.0 13.3 1.4 13e300.4000e70 21.0 1 
8 209 . 0 3.0 o.o 35.0 0.9 0.4 9.7 2.8 9.700.2500.45 5.5 1 
8 209.0 5.5 23.0 28.5 1.0 1.0 15.5 2·1 15.500.2500.45 9.0 1 
8 209 . 0 11.5 50.0 31.5 1.9 1.2 11.3 4.8 11.300.6001.50 7.5 1 
8 209 . 0 19.5 81.0 34.5 1. 1 0.6 6.9 2.0 6e900.5000.95 6.0 1 
8 215 . 8 2.5 o.o 30.0 o.8 leO 11.0 2·5 11.000.6001.10 6.5 1 
8 215 . 8 9.7 30.0 36.0 1.6 0.8 11.0 3.6 11.000.8001.40 li.o 1 
8 215 . 8 12.5 40.0 25e5 leO 0~9 9.0 2.6 9.000.5001.00 8.5 1 
8 215 . 8 17.0 75.0 28.5 1.0 0.7 9.5 2.9 9.500.2000.38 s.o 1 
8 223 . 0 2.3 o.o 31.0 1.1 0.8 14.0 3.5 l4e000.3000e60 7.5 1 
8 223 . 0 6.0 22.5 37.5 1.2 0.7 12.4 " 3.0 12.400.8001.65 9.0 1 
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ic.- " 8 223.0 9.5 45.0 33.0 1.0 o.8 13.4 3.2 13.400.9001.75 8.o 1 
8 228.0 leO 17.0 36.0 1.2 0.9 13.0 3·6 13.000.3501.10 7.0 1 
8 228.0 5.0 41.0 44.0 1.5 1.0 10.0 3.8 10e000e2501.70 9e0 1 
8 228.0 11.0 62.0 59.0 1.2 0.6 10e0 leO 10e00le000le60 23e0 1 

9 449e0 9.0 o.o 42e0 leO o.8 8eb 2.5 8.oooe2000e70 12.0 1 
9 449.0 21.5 49.0 46e0 1e0 1e0 13e2 le4 13e200e3000e65 l4e0 1 
9 449.0 27e5 76.0 41e0 Oe8 leO 11e5 2e3 l1e500.l000e45 9e0 1 
9 449.0 30.0123.0 47e0 leO Oe9 10e0 2e0 10e000.1500e60 14e5 1 
9 484.0 4.5 o.o 37.0 1.1 Oe6 9.5 1.9 9.500.2500e96 l2e0 1 
9 484.0 20.0109.0 55 eO 2.4 1.2 12.0 3.9 12.000.2001e00 12.0 1 
9 484.0 26.0151.0 43.0 o.7 0.6 12.0 2.3 12.000.2000.45 '11.0 1 
9 484.0 30.0 224.0 49.0 1.5 o. 7 . 12.0 3.5 12.000.5001.20 14.0 1 
9 484.0 48.0314.0 57 eO 1el 0.5 lle5 2e0 11e500.100le00 11·5 1 
9 528.0 4.0 o.o 27.0 0.9 o.8 10.1 2e1 10.101.0002.20 8.5 1 
9 528.0 21.5 56.0 42.0 le5 le1 10.8 3.4 10e800.700le80 11e0 1 
9 528.0 42.0 124.0 48.0 1.4 0.9 12.2 2·9 12e200e2000e90 13.0 1 
9 528.0 49.0 161.0 64.0 1.3 0.5 10.0 1e3 10.000.1500.7-Q 15e0 1 
9 528.0 57.0 220.0 50.0 leO 0.4 7.5 Oe9 7.500.3001.00 18·0 l 
9 562.0 1.5 24.0 36.0 1.1 1.8 15.0 4·4 15e000e2000e90 7.0 1 
9 562.0 14.0 62.0 ·43.0 1e4 1.5 12.0 3.8 12e000e8002.90 9.0 1 
9 562.0 32.0 106.0 49.0 0.7 o.8 7.5 2.0 7.500.1500.50 7.0 l 
9 562.0 36.0170.0 53 eO 1.1 1.1 13.0 3e7 13.000e4001.00 10e0 1 
9 562.0 53.0260.0 57.0 1e0 leO 10.0 2e4 10.000e2001e40 12e0 1 
9 587.0 7.0 27e0 27e0 1.1 1.0 9.0 1e8 9.000e4001.10 5.5 1 
9 587.0 18.5 77.0 33.0 1e2 0.6 9.3 1e6 9.300.6001.10 10e0 1 
9 587.0 34.0154.0 36.0 1e4 Oe6 6.5 1e4 6.500.3000.95 10.5 1 
9 587.0 45.0213.0 35e0 1.0 1e6 15.5 5e0 15.500.6001.90 8e5 1 
9 587.0 58.0257.0 43.0 leO Oe7 10.0 3·0 10e000e3001e00 9e0 1 
9 607.0 12·5 o.o 29.0 leO 0.6 10.0 2·8 10.000.2000e50 8.5 1 
9 607.0 17.5 44.0 35.0 1.5 0.7 8e8 3e2 8.800.2000.85 8.5 1 
9 607.0 29.5 71e0 37.0 leO Oe8 14.5 1e8 14e501e0001e70 13.5 1 
9 607.0 39.0111.0 42e0 1.1 0.8 14e0 4el 14e000.1500e40 9.5 1 
9 607.0 49e0145e0 38.0 o.1 0.7 11.7 le7 11e700e1500e25 11.0 1 
9 6 0 7.0 55.0184e0 42e0 0.9 0.5 7e0 le3 7.oooe800le50 s.o 1 
9 630.0 1.8 o.o 24.0 Oe8 le1 10.5 2e0 10.500e4000e80 7e5 1 
9 630.0 17.5 47.0 32.0 1.0 1.5 14e0 4e2 14e000e2500.60 a eo 1 
9 630.0 34.0 81.0 36e0 1.6 Oe9 13.0 4e3 13.000.6001.50 9.0 1 
9 630e0 44.0102.0 33.0 1e1 Oe7 14 ·. 5 4e2 14.500.5001e15 lleO 1 
9 630e0 53e01 29e0 44.0 1e0 leO 15.0 3e8 15.001.1002e30 11.5 1 
9 647.0 14.0 11.0 25.0 1.0 Oe6 12.0 2e6 12e000e3500e90 5.5 1 
9 647.0 22.5 60.0 34.0 1.2 0.6 12.2 3e2 l2e200e3001e00 a.o 1 
9 647.0 33.5108.0 39e0 1. 1 Oe7 10.0 3.0 1o.oooeaoot.ao. 8eO 1 
9 647.0 48.0159.0 46e0 1.8 1.0 11.0 4.0 lle000e7002.30 10.5 1 
9 647.0 62.02 14e0 31.0 0.9 0.8 9.0 le7 9e000e1500.75 6.5 1 
9 667e0 3.5 o.o 28e0 o.7 0.7 12e7 2.4 12.700e1000e40 5e5 l 
9 667.0 12.5 55.0 35e0 1e3 1.1 15e3 3e8 15e300.4001.30 lOeO l 
9 667.0 23.5103.0 42.0 le4 1.0 14,e0 3e2 l4e000e2500e45 9e0 1 
9 667.0 35.0129.0 49.0 2.4 1.4 10e6 4e0 10e600el000e28 12e0 1 
9 667.0 57.0197.0 55.0 2.4 1 .1 11.0 2.7 1le000.4501e30 15.5 l 
9 667e0 65.5238e0 59 eO 1.3 o.8 10.0 2.5 10.000.1500e80 18.0 l 
9 691.0 13.0 13.0 28.0 1.2 o.8 11e0 2e1 11.000.3000.55 12e0 1 
9 691.0 20.5 49.0 30.5 le4 Oe8 9.0 2·0 9eOOOe500le30 9.0 l 
9 691.0 31.0104.0 42e0 1.3 0.5 9.5 le6 9.500.5000.90 14.0 1 
9 691.0 38.5132.0 25.0 1e1 1.0 10.5 3.5 10e500e300l.OO 6e0 1 
9 691.0 46.0165.0 3le0 1.4 0.6 8.o 2e8 8.ooo.1BOOe90 6.5 1 

10 o.o 4.7 o.o 24e0 1e0 1e0 18.0 3e9 18.0 Oe15 1.oo 7e0 1 
10 o.o 13.0115.0 56.0 0.9 0.8 22.2 4el 22e2 1.20 5.00 lOeO 1 
10 o.o 21 .0156e0 63.0 0.9 0.6 21.0 4e3 21.0 o. 35. le20 10e0 l 
10 o.o 26.0192.0 83.0 0.7 Oe4 23.5 3.3 23e5 0.20 Oe70 6e5 1 
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10 70.0 5.5 o.o 35.0 1.2 1.0 20.8 5.4 20.8 Oe20 1.70 9.0 1 
10 70.0 8.5 52.0 66.0 1.1 . 1.0 23.5 5.4 23.5 1.oo 2.50 8.0 1 
10 70.0 14.0 95.b 51.0 1.5 1.0 19.8 7.3 19.8 1.40 2.40 10.0 1 
10 70.0 24.0150.0 75.0 1.0 0.7 27.8 3.0 27.8 0.30 1.20 13.0 1 
10 130.0 5.0 o.o 48.0 1.3 0.9 21.6 3.9 21~6 0.80 2.50 16.0 1 
10 130.0 11.0 31.0 66.0 2.8 1.3 19.-o 7.1 19.0 1.oo 2.20 19.0 1 
10 130.0 19.5 50.0 51.0 leO o.8 21.2 2.1 21·2 Oe60 1.70 18.0 1 
10 130.0 23.0109.0 67.0 3.0 2.8 20.2 8.1 20.2 0.70 2.20 17.0 1 
10 250.0 6.0 o.o 36.0 1.0 1.1 21.8 4.3 21·8 Oe60 2.20 7.0 1 
10 250.0 10.5 26.0 47.0 1.7 1.2 24.3 4.9 24.3 1.oo 2.30 12.0 1 
10 250.0 15.5 39.0 49.0 1.5 1.4 22.1 4.1 22·1 1.00 2.50 11.0 1 

EAST OF ANSE A MERCIER, GRANDE VALLEE 
1 90.0 8.0 o.o 28.0 1.0 1.0 10.7 2.7 10.7 0.15 1.10 6.0 1 
1 90.0 10.0 16.0 32.0 1.5 1.5 14.6 1.9 9.5 0.40 1.30 12.0 1 
1 90.0 20.5 95.0 45.0 1.-1 1.2 11.8 3.7 11e8 0.35 1.10 11.0 1 
1 90.0 23.0114.0 50.0 1.2 1.1 18.1 1.9 11.8 0.10 0.60 12.5 1 

2 104.0 6.0 o.o 25.0" 1.4 0.8 11.6 4e1 11·6 0.15 1e20 6.0 1 
2 104.0 7.5 27.0 25.5 1.6 0.8 9.5 5.6 9.5 0.20 2.00 5.5 1 
2 104.0 10.0 55.0 27.0 1.3 1.7 18.0 4.3 18.0 0.25 1.80 9.0 1 
2 104.0 12.0 74.0 32.0 1.6 2.1 17.1 3.4 11e1 o.zo o.8o 8.5 1 
2 128.0 7.3 24.5 20.0 o.1 0.9 15.8 2.9 15.8 0.25 1.30 4.5 1 
2 128.0 8.0 52.5 23.5 0.8 0.6 13.0 2.9 13.0 0.35 1.40 6.4 1 
2 128.0 1lel 85.0 37.0 1.2 0.4 11.8 2.8 11.8 0.35 1.50 7.5 1 
2 128.0 13.2101.0 40.0 0.8 1.2 30.0 1.2 9.5 0.10 0.25 9.5 1 
2 154.0 5.4 8.5 22.5 0.9 0.4 10.3 3.6 10.3 0.30 2.80 4.0 1 
2 154.0 9.5 77.0 22.0 1.3 1e1 14.0 4e2 14.0 0.40 1.90 5.5 1 
2 154.0 11.0103.0 28.0 1.2 1.0 14.5 4.7 14.5 0.35 1.80 7.3 1 
2 154.0 13.5125.0 39.0 leO 0.4 11.0 2·2 11.0 0.20 0.85 7e5 1 
2 180.0 5.2 o.o 19.5 0.8 1.2 15.6 4.0 15.6 0.10 0.90 4.5 1 
2 180.0 6.3 35.5 26.0 · 1. 4 1.5 14.7 . 3e1 7.5 0.15 1e10 6.5 1 
2 180.0 11.0 97.0 38.5 2.3 0.6 10.4 2.9 10.4 Oe30 2.00 11.5 1 
2 180.0 13.0 114.0 45.0 o.9 0.3 9.8 2·0 9.8 Oe15 0.60 7.5 1 
2 214.0 4.0 o.o 19.5 0.8 0.6 15.0 2·2 9.4 Oe15 1.70 3.5 1 
2 214.0 7.4 69.0 21.5 leO 0.8 13.1 3·6 13·1 Oe20 1e50 5e0 1 
2 214.0 11.2 111.0 27.0 1.4 0.6 13.4 3.5 13. ·4 0.50 2.00 . 7.5 1 
2 214.0 14.5 132.0 36.5 1e1 1.6 20.7 2.0 20.5 0.15 0.50 16e0 1 

3 o.o 4.7 o.o 31.0 o.8 0.6 10.5 2.0 10.5 0.20 1.15 7.5 1 
3 o.o 5.6 16.0 35.0 1.2 1.3 20.0 2.7 20.0 0.40 1.10 12.0 1 
3 o.o 9.0 45.0 38.0 1.0 0.5 6.8 2.0 6.8 0.20 1.00 5.5 1 
3 o.o 12.5 92.0 52.0 o.8 0.7 12.8 1.8 12.8 0.30 1.20 7.5 1 

ANSE A MERCIER WEST, GRANDE VALLEE 
4 o.o 20.0 o.o 27.0 le2 0.8 11.0 2.9 11.000.2000.90 7.0 1 
4 o.o 41.0 68.0 29.0 1.6 1.0 12.0 3.3 "12. 000.4001.60 11e0 1 
4 o.o 57.0 85.0 33.0 2.1 2.3 18.0 4.5 18.003.5005.90 11.5 1 
4 o.o 63.0112.0 35.0 1.8 0.9 7.3 1.8 7.300.9001.70 12.5 1 

5 o.o 16.0 o.o 27.0 1.4 1.1 5.6 2.0 5e600e7003e40 8.0 1 
5 o.o 23.0 24.0 44.0 2.0 1.8 13.0 6.8 13.000.5003.00 10.0 1 
5 o.o 41.0113.0 49.0 1.8 2.1 11.5 5.3 11.500.5002.50 12.5 1 
5 o.o 52.0265.0 68.0 3.2 2.4 27.0 4.0 27.000.7001.25 28.0 1 

6 o.o 14.0 o.o 27.0 1.9 2.2 19.6 5.1 19.600.5002.40 8.5 1 
6 o.o 22.0 62.0 48.0 3.1 2.8 22.7 8.1 22.701.2003.40 16.0 1 
6 o.o 31.0114.0 46.0 2.3 leO 18.8 5.7 18.800.6002.00 13e0 1 
6 o.o 43.0170.0 69.0 4.0 1.4 16.7 9.9 16.702.2004.60 16.5 1 



KEY TO APPENDIX 1D (PROCESSED DATA) 

Columns Format 

1-6 14 

7-12 F6. 1 

13-18 F6. 2 · 

19-24 F6. 2 

25-30 F6. 2 

31-36 F6. 2 

37-42 F6. 2 

43-48 F6. 2 

49-54 F6. 2 

55-60 F6. 2 

61-66 F6. 2 

67-72 F16. 2 

73-78 F6. 2 

Contents 

Bed Number 

· Position on Bed 

Horizontal distance (from the 'Position on Bed') 
for locating the 'Position within Bed' 

Vertical distance at the point· corresponding to 
the horizontal distance 

Wave length 

Amplitude 

Stoss-angle in degrees 

Lee-angle in degrees 

tL/ts 

Angle of climb in degrees 

Ripple Index 

Ripple Symmetry Index 

Projecte d Stos s ·length 



.-· · 

APPENDIX lD: PROCESSED DATA ib- t 
ST. MAURICE (NORTH OF CHURCH) 

477 o . o 25.50 o.oo 51.00 4.uu 12.64 24.06 2.44 14.00 32.63 12.75 2e64 
477 o.v 37.00 o.oo 30.00 2.90 16.52 2o.o2 3.75 12.00 27.94 10.34 1.50 
477 o.o 58.~0 18.00 31.00 2.20 9.51 2o.56 3e20 9.00 21.63 14.09 2.44 
477 u.u 68.uu 46.00 65.ou 4.8o 1u.92 13.27 2e17 32.00 29.00 13.54 1.03 
477 u.u 76eUU 57.00 68.00 le80 6.12 s.3j 1e38 29.00 37.64 37.78 1.34 
477 5o.u 23.00 o.oo 44.00 3.oo 14.66 17·00 3e60 17.00 25.47 14.67 1.59 
477 50.0 40e5U o.oo 28.00 2.10 9.08 13·02 12.00 12.00 11.0 3 13.33 1.33 
477 su.o 53.00 12.00 32.50 1.90 9.78 12.99 3.50 12.00 18.32 17.11 1.71 
477 so.o 62.5u 47.50 36.50 2.30 7.24 18·13 4e75 9.50 13.59 15.87 2.84 
477 5u.u 72.0() 89.50 41.00 2.1u 7.71 15.41 3e67 19.00 15.85 19.52 1.16 
477 70.0 7.30 o.oo 36.50 1.80 7.81 16.70 4.67 s.oo 14.11 20.28 3.56 
477 7o.u 23. 7v. u.oo 21.oo 1.6u 7.13 18.26 6eOO 8.50 11.93 16.b8 2.18 
477 7u. u 48.5\.i 53.uo 34.oo 1.80 8.82 11.88 1.88 11.00 29.34 18.89 2.09 
477 7o.o 59.30 90.oo 27.oo 1.9o 8.6:::S 15.13 3.2o 9.oo 18.64 14.~ 1 2.oo 
477 7o.o 71.7u11o.oo 46.00 1.80 6.09 8e34 1.73 20.00 24.27 25.56 1e30 
477 100. 0 7.5u o.oo 39.00 4.10 15.27 25.70 2.50 "14.50 35.87 9.51 1.69 
477 lOO.u 29.50 u.oo 26.00 1.9u 13.5CJ 13.50 4.00 12.00 21.80 13.68 1.17 
477 100.li 45.uu o.uo 31.00 2e2U 10.17 16.07 3e82 13.50 18.77 14.09 1e3U 
477 100.0 59.00 64.00 39.50 2.60 10.90 12.44 3e17 16.50 20.89 15.19 1e39 
477 1uu.u 76.5u1U4.00 4Ue00 1.so 8.27 9e25 2.55 18.00 18.98 22.~2 le22 
477 13uev 1U.5u u.oo 41.00 3.3u 10.73 23.75 3eOO 12.00 25.31 12.42 2·42 
477 13().() 32e5U u.oo 34.00 2.50 12.45 17.35 3.17 12.00 24.65 13.60 1e83 
477 130.0 49.uu 28.00 35.50 2.10 6.80 10.85 2·25 12.50 19.95 16.YO 1e84 
477 130.0 59.00 58.00 43.50 4.60 11.44 22·33 3e33 19.50 23.97 9.46 1e23 
477 130.u 68.00124.00 63e0U 4.20 7.27 12·93 2e31 27.00 21.42 15.00 1.33 
477 162.0 14.00 o.oo 43.00 3.00 10. 13 17.7G 10e00 13.50 13.0 7 14.33 2.19 
477 162.0 28.3() 0.00 33.00 2.00 6.84 11e3l 3e25 10.50 14.56 16.50 2·14 
477 162.v 55.5() 4.50 31.00 2.90 11.03 18.52 Sell 9.50 17.67 10.69 2.26 
477 162.0 66.50 31.00 44.50 3.2u 11.74 20.34 4.20 16.00 20.75 13.Y1 1.78 
477 162.0 7o.oo 53.00 51e00 3.30 12.41 13·04 3.67 17.00 21.24 15.45 2e00 
477 190.0 17.00 u.o0 31.50 2.00 7.97 12.58 12.67 11.00 9.68 15.75 1.86 
477 190.0 32.0() o.oo 32.50 2.70 9.11 17.53 6.40 12.20 13.76 12.04 1.66 
477 190.0 52.00 43.00 40.50 3.20 12.68 14.14 15.00 14.50 14.51 12.66 1.79 
477 190.0 58.uO 90.00 33.00 2.80 12.42 15.72 2.1o 16.00 33.58 11.79 1.06 
477 19o.u 76.uul23.oo 47.oo 1.60 5.06 9.41 15.00 14.50 6.08 29.38 2.24 
477 21a.u 20.50 u.uo 34.00 2.10 9e4Y 13.33 7.50 10.00 12.87 16.19 2.40 
477 218.0 33.vu o.oo 27.50 1e50 5.3Y 14.44 19·00 10.50 6.47 18.33 le62 
477 218.u 46e5U 8.5o 50.50 2e80 9e27 9e74 2·86 23.50 18e94 18e04 lel5 
477 218.0 66.3v 46.50 51.00 2.80 10.34 11.82 4e15 18.00 17.01 18.21 1.83 
477 218.0 77.7u 99.00 47.00 1.70 5.35 7.99 5.oo 22.00 8.63 27.65 1e14 
477 261.0 9.ou o.oo 33.00 1.90 6.04 10.99 4.00 1.0.20 11.54 17.37 2.24 
477 261.() 32.50 o.oo 32.50 2.60 6.37 15.06 6e18 10.30 10.35 12.50 2·16 
477 261.0 5o.ou 36.50 36.00 3.2u 9.98 13e06 2e87 14.00 21.31 11.25 1.57 
477 261.U 58.()() 58.50 37.00 3.10 8.88 18.70 5e00 11.00 15.30 11.94 2~36 
477 261.0 71.5u 91.50 41.00 2.8u 9.68 11.63 1e78 17.50 32.93 14 .. 64 1.34 
477 299.0 18e5u o.oo 36.50 2 •. 40 9.09 11·94 5·00 15.20 14.13 15.21 1e40 
477 299.0 32.50 o.oo 28.50 1.90 6.16 10.65 3.13 10.00 13.76 15.00 1.85 
477 299.0 51.00 23.50 29.00 2.00 9e12 21·30 5e00 10.50 16.10 14.50 1e76 
477 299.0 61.5U 51.00 52.00 5.20 10.68 31.30 3.33 20.00 25.16 10.00 1.60 
477 299.0 69.00 93.50 53.00 3.80 13.41 2o.o9 3e36 18.00 25.72 13.95 1e94 
477 33u.u 13.00 o.oo 29.50 1e30 2e29 10·20 4e29 10.50 6.03 22.69 1e81 
477 33o.u 3 5.UU u.oo 25.00 1.40 7.83 13.02 7e00 9.20 11.19 17.86 1.72 
477 33u.o 50.00 29.()0 29.50 2.20 7.07 14.97 s.so 11.30 11.76 13.41 1.61 
477 330.0 58.50 49.00 34.50 1.90 10.46 14.16 4.33 11.20 17.40 18.16 2.08 
477 33 0 .0 75.UU 81.00 42.00 1.80 6.34 18.43 3.63 11.50 15.11 23.33 .2 .65 
477 387.0 10.50 o.oo 25.00 1.40 6.20 13.21 6e67 8.20 9.53 17.86 z.os 
477 387.0 30.50 o.oo 22.50 1.50 8.92 14.04 s.oo 7.00 12.07 15.00 2.21 
477 387.u 49.5u 29.50 3U.OO 2e3U . 9. 71 16.49 3.86 11.20 18.1'i 13.04 1.68 
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477 387.U 56e0U 64.00 34.00 2.00 9.85 12e49 3.20 12.50 19.34 17.00 1.72 
477 387.0 71.~0 94.00 35.50 1.80 7.54 16.84 1e67 11.50 36.18 19.72 2.09 
477 421.0 10.50 o.oo 25.50 1.50 4.98 13.41 3.67 6.50 11.61 17.00 2.92 
477 421.0 42.00 o.oo 24.00 1.70 5.78 17.89 4.33 7.00 12.48 14.12 2.43 
477 421.0 56.uU 3.00 28.00 1.50 7.04 14.19 9.00 6.00 9.61 •18.67 3.67 
477 421.0 64.00 41.50 37.00 2.20 9.35 16·52 4e57 9.50 16.13 16.82 2.89 
477 421.U 71.UU 70.00 45.00 3.40 8.68 15.59 2.13 18. 5.0 27.39 13.24 1.43 
477 452.\.J 39e5V 11.00 26.50 1.10 2.83 10.38 3.64 7.50 7.74 24.09 2.53 
477 452.U 43.uv 45eUO 33.50 leBO 5.65 13e76 5e13 11.70 10.19 18.61 1e86 
477 452.0 46eUU 75.00 35.00 1.60 5.43 12e89 2e69 11.50 15.65 21.88 2e04 
477 452.0 49.5u115.uo 48.40 2.oo 4.36 18e68 3e60 10.80 12.67 24.20 3.48 
477 452.0 56.00131.00 20eOO 1.50 7.o4 15.14 2e08 7.50 25.11 13.33 1.67 
477 479.0 14.50 o.oo 43.00 le70 6.65 13e59 3e80 12.50 13.55 25.29 2e44 
477 479.0 36e5U o.oo 23.00 1.40 7.74 12·37 5e00 7.50 12.58 16. ·43 2e07 
477 479.U 50.50 8.00 39.00 2.70 9.20 15e78 3e53 13.50 18.34 14.44 1e89 
477 479.() 59.ju 31.00 59.00 3.40 8.36 20e41 4.86 12.00 15.25 17.35 3.92 
477 479.u 71.00 55.00 50.00 2.80 13.39 22.50 3.25 12.00 26.90 17.86 3.17 
477 525.0 8.50 u.oo 35.00 2.50 9.46 13·86 8·29 11.00 12.54 14.00 2el8 
477 525.0 32.uu o.oo 30.00 2.30 9.54 20.29 5.oo 8.20 16.40 13 .u4 2.66 
477 525.U 55.uu 24.00 33.50 2.2CJ 6.45 14.62 2.50 11.00 19.37 15.23 2e05 
477 525.0 66e0U 55.00 35.00 3.10 12.23 19.59 3.91 13.00 22.01 11.29 1e69 
477 525.0 74.00 95.00 38.50 1.90 6.34 24.57 2e87 10.50 20.63 20.26 2·67 
477 555.U 15.50 o.oo 25.00 2.00 10.97 16.70 8.67 9.00 14.39 12.50 1.78 
477 555.J 29.50 o.oo 29.00 2.00 8.85 16·76 3·50 8.50 18.30 14.50 2·41 
477 555.0 56.0U 11.00 27.00 le6U 7.67 14.04 4e 1 7 8.50 14.18 16.88 2.18 
477 555.0 59.uU 76.00 45.00 4e3U 13.36 22.38 5.oo 21.00 21.30 10·'+7 1e14 
477 555.0 68.50 98.00 45.00 3.70 10.30 14.37 4.00 17.50 18.00 12.16 1e57 
477 646.0 17.50 o.oo 57.00 2.00 6.59 14.37 4.00 20.00 13.25 28.!~0 1.85 
477 646.0 30.00 o.oo 35.00 2.20 7.42 18.99 6.50 10.50 11.96 15.91 2e33 
477 646.0 51.0() 21.00 43.00 2.10 8.51 12.51 4.07 10.50 15.03 20.'+8 3.10 
477 646.0 58.50 36.00 39.00 4.20 10.94 23·11 5e63 12.50 17.60 9 •. 29 2·12 
477 646.0 73.uv 70.00 43.00 2.70 9.89 20.70 4.60 11.00 17.65 15.93 2.91 
477 682.0 11.00 u.oo 33.50 2.00 9.46 13.50 5.50 8.00 14.33 16.75 3.19 
477 682.0 29.5U u.o o 25.50 1.70 8.64 16e07 7·67 7.50 12e18 15.00 2e40 
477 682.0 48.50 19.50 25.00 2el0 8.95 17·49 3e38 8e00 19e14 11.90 2·13 
477 682•0 55.00 37.00 28.00 2.50 8.56 14.52 6.67 9.50 12.4 7 11.20 1.95 
477 682 . 0 62.00 58.00 27.50 1.70 9.23 13.02 3.25 9.00 18.48 16.18 2.06 
477 717 . 0 12.5U o.oo 33.50 2.40 8.22 12.68 8.80 12 .• 50 10.82 13.96 1.68 
477 717 . 0 34.50 o.oo 27.50 1.60 7.59 21·53 5e25 6.80 13.94 17.19 3.04 
477 717 . u 51.uO 9.00 27.50 1.50 4.84 13.68 1.oo 7.50 7.84 18.33 2.67 
477 717 e v 63.uo 62.00 36.50 4e()O 9.64 3Qe58 8.75 8.5o 14.27 9.13 3.29 
477 717 . 0 ·71.50126.00 38.50 3.90 9.01 26e37 4e00 9.50 19.31 9.87 3.05 
477 763 . () 37.00 o.oo 24.50 2.00 8.04 14.83 3.17 7.50 17.85 12.~~5 2.2.7 
477 763 . 0 45.00 20.00 31.50 2.90 10.25 24.11 6.75 8.00 15.69 10.86 2.94 
477 763 . 0 53.50 85.00 34.00 4.40 13.63 30.21 3.65 11.50 26.95 7. -,3 1.96 
477 763 . 0 66.50126.00 44.00 4.10 12.34 30e96 3.14 10.00 28.19 10.73 3.4u 
477 798 . 0 14.50 u.oo 29.50 1.50 4.48 22.38 4.oo 7.50 12.76 19.67 2.93 
477 798 . u 29.50 o.oo 27.00 2.00 8.91 14·78 1.oo 9.50 12.69 13.50 1e84 
477 798 . 0 49.UO 14.00 35.00 ?elO 6.92 20.02 2.60 7.50 21.77 16.67 3.67 
477 798 . u 56.uu 62.00 32.00 2.20 5.42 14·21 3e55 9.50 12.78 14.55 2.37 
477 798 . 0 67.0U1Ul.OO 35.00 2.00 6.34 16el1 3.18 12.00 15.94 17.50 1e92 
477 837 .0 16.00 o.oo 33.00 2.10 5.91 12.23 3.33 11.50 13.35 15.71 1.87 
477 837 . 0 35.00 o.oo 23.00 1.40 9.87 15.01 4e80 7.00 16.03 16.43 2.29 
477 837 . 0 42.00 22.50 28.00 1.80 8.62 14.93 3.80 8.50 16.50 15.56 2.29 
477 837 .v 53.uu 55.50 31.00 1.40 5.79 14.62 3e67 7.00 13.08 22.14 ~·43 477 837 . 0 64.0U 76.00 35.00 1.40 6.37 18.51 4.00 6.70 14.11 25.00 .22 
477 900 . u 31.50 o.oo 27.20 le90 8.02 16·22 5e71 9.00 12.91 14.32 2e02 
477 900 . 0 51.00 19.00 31.50 1.80 7.83 15.95 4.09 8.30 15.06 17.50 2.80 
477 900 .0 58.50 43.50 31.00 1.50 6.71 15.35 4.00 7.50 13.68 20.67 3.13 
477 900 .0 66.0U 67.00 32.00 1.70 7.50 15.80 3e75 9.70 15.45 18.82 2e30 
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WEST OF FAME POINT 

666 o.o .70 7.00 25.50 1.uo 3.90 16.86 s.oo 6.20 6.77 25.50 3.11 
666 o.u s.ou su.oo 34.00 1.10 5.42 16.59 14.00 8.20 7.07 30.91 3.15 
666 u.o 9.5u 95.00 34.00 1.60 4e25 19·01 10.00 10.00 6.74 21.25 2e40 
700 o.u .40 5.40 25.00 1.30 3.72 22.20 9.33 5.50 6.69 19.23 3.55 
700 o.o 3.60 54.50 28.50 1.20 3.67 19.65 8.67 7.50 6.60 23.7!) 2eti0 
700 o.o 8.0012 0 .00 37.00 .so 2.06 11.84 9.00 7.00 3.77 .46. 25 4.29 
701 o.o .40 4.00 31.00 1.30 5.71 l6e11 9.33 7.20 8.24 23.85 3.31 
701 o.o 3.70 40.00 33.00 1.30 4.09 13.26 8.40 7.60 6.38 25.38 3.34 
701 o.u 7.10 su.oo 38.00 .90 4.29 12.68 4.33 s.oo 9.23 42.22 3.75 
702 u.o 6.30 33.00 20.00 .60 3.75 13.82 8.67 s.oo 5.99 33.33 3.00 
702 o.v 9.5u 5U.OO 24.0U .so 3.73 19.18 3.75 4.50 11.57 30.00 4.33 
702 o.u l2e8U 66.00 35.00 .60 1.93 12.57 6.00 3.50 4.78 58.33 9.00 
759 u.o .70 9.00 2C.OO .au 4e0U 13.48 6.00 6.20 7.41 25.00 2.23 
759 o.u 2.60- 33.50 21.50 .70 4.09 12.88 1.oo 5.00 6.85 30.71 3.30 
759 u.o 5.70 71.50 34.00 .60 2.64 12.58 4.75 6.00 6.61 56.67' 4.67 
765 o.u 1. UU 11.50 25.00 1.20 3.6S 17.45 5.60 5.50 s.o9 20.83 3.55 
765 o.o 3.()0 44.00 30.00 1.50 3.18 23.07 7.oo 5.50 7.32 · 2o.oo 4.45 
765 u.u 7.vu so.oo 44.00 .8U 1.84 14.73 5.00 7.00 5.87 55.00 5.29 
772 o.o .7u 11.00 24.00 .70 3.37 20·92 9·00 4.50 6.28 34.29 4.33 
772 o.o 2.80 45.00 36.00 1.oo 3.11 22e17 6.22 6.oo 7.70 36.00 s.oo 
772 o.o 4.60 74.00 42.00 .so 2.64 21.42 '6. 25 7.00 1.o1 52.50 5.oo 
773 u.o .so 9.80 31.00 .70 2.15 12.68 10.67 s.oo 3.66 44.29 5.20 
773 o.o 2.40 4 8 • 0 0..- 3 9 • 0 0 .90 3.00 18·21 6e67 6e00 6.61 43.33 5·50 
773 o.o 4.uo 79.50 56.00 .so 1.56 11.91 6e50 7.50 3.97 70.00 6.47 
774 o. u 1.vo o.oo 24.00 .90 3.63 l7e58 7e33 4.50 6e86 26.67 4.33 
774 o.u 2·00 24.50 29.00 1·00 4.22 12.93 6•00 7.oo 7e56 29.00 3e14 
774 u.u 3.8u 46.50 42.00 1.ou 2.46 14.47 4.80 7.50 6.80 4.2 .oo 4.60 
79 0 o.u .au 8.90 35.00 .so 2.29 18e26 10e50 4.50 4.39 43.75 6.78 
79 0 u.o 4.3u 51.30 46.00 .90 2.67 17.85 .6.80 5.50 6.09 51.11 7.36 
790 o.u 8.201C3.00 59.00 .60 2.06 15·22 7e33 6.00 4.73 98.33 8.83 
791 o.o • 7U 5.50 28.00 .au .2. 06 .15·60 8·00 4.50 4.53 35.00 5·22 
791 o.o 7.50 55.00 34.00 1.20 2.84 22e45 5e60 6.00 s.o4 28.33 4·67 
791 o.o 13.70 99.90 43.00 1.20 2.97 14.91 5.67 7.50 6.70 35.83 4.73 
793 o.o .40 3.50 30.00 .70 1.88 16.49 11.33 4.00 3.62 42.86 6.50 
793 o.G 4.60 38.50 32.00 1.20 3.58 22·28 s.oo 5.oo 7.Q9 26.67 5.40 
793 o.o 9.50 78.50 37.00 .~u 2.43 12.97 9.33 6.50 4.25 41.11 4.69 
794 o.o 1.10 18.30 26.00 1.00 3.55 17.60 s.oo 5.00 6.47 26.00 4.20 
794 o.o 2.50 40.00 32.00 1.10 3.47 19·68 5·50 5.50 8.37 29.09 4·82 
794 o.o 7.60122.00 49.00 .au 1.31 10.68 9.67 6.00 2.68 61.25 7.17 
795 o.o 1.40 12.70 29.00 1.10 4.69 18.95 8.50 5.00 7.72 26.36 4.80 
795 u.u 5.60 51.00 34.00 1.40 3.74 25.20 5.oo 5.00 1Q.43 24.29 5.80 
795 o.o 9.90 90.00 50.00 1.00 2.34 14.12 4.40 7.00 7.05 50.00 6.14 
798 o.v 3.1u 29.50 26.00 1.00 3.81 22.46 7e33 4.00 7.75 26.00 5.50 
798 o.u 8.00 75.00 35.00 .70 2.2':1 l3e86 8·50 5.00 4.40 50.00 6e00 
799 o.o .20 3.00 20.50 .60 3.09 13·02 1·00 4.50 5.73 34.17 3e56 
799 o.o 2.90 42.50 31.00 1.00 2.84 19.89 6.17 5.50 7.06 31.00 4.64 
799 o.o 5.70 84.00 38.00 .90 2.50 16e15 6.00 5.00 6.13 42e22 6.60 
BOO o.o .30 5.30 23.00 1.oo 3.22 16.03 13.00 6.00 4.78 23.00 2.83 
80 0 o.o 1.80 31.80 27.50 1.oo 3.25 19.48 12.00 5.50 5.25 27.50 4.00 
suo o.o 4.5u 78.00 39.00 .so 2.22 11.79 6.40 6.50 4.7H 48.75 s.oo 
801 o.o .7() s.oo 41.00 .so 2.68 15.40 6.75 s.oo 5.75 51.25 7.20 
801 o.o 4.20 53.00 53.00 1e10 2.02 19·21 6e40 5.50 5.81 48.18 8.64 
801 o.o 6e3U 79.50 66.00 1.00 2e46 15·11 5e14 6.50 6.58 66.00 9e15 
899 o.o 9.20 o.oo 30.00 .70 3.43 12.77 4.oo . 5.80 8.68 42.86 4.17 
899 o.o l5e3v 24.50 34.50 1e20 4e71 17·01 3·57 6e00 12e68 28.75 4·75 
899 o.o 19.50 39.50 35.00 1.40 4.04 16.39 2.08 9.50 21.06 25.00 2.68 

1013 o.o .90 13.50 23.00 .so 2.20 12.99 3.33 4.00 8.52 46.00 4.75 
1013 u.o 2.5u .zs.oo 31.00 1.60 3.81 18.71 8.33 7.50 6.77 19.38 3.13 
1013 o.o 4.:>0 52.00 36.00 .so 2.23 11·31 6e67 6.50 4.58 45.00 4.54 
1014 o.o o.uu o.oo 30.00 .so 1.97 13.26 5.33 5.50 5.42 60.00 4.45 
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1014 o .o .so 7.50 27.50 1.oo 3.98 19.12 9.00 6.20 6.76 27.50 3.44 
1014 u .o 1~60 24.00 34.00 .70 1.81 13.18 7.00 7.50 4.27 48.57 3.53 
1015 o.o o.cu o.oo 27.00 .90 2el3 17e58 3e7l 4.00 9.07 30.00 5.75 
1015 v.u 1.90 22.20 29.50 1.20 3.64 15.71 7e50 7.70 6e53 24.58 2·?3 
1015 o.o 3.5u 50.50 4l.oo .80 1.70 11.20 5.67 7.20 4.43 51.25 4.69 
1021 o.o 1.so 12.00 17.oo .so 2.49 1le07 4eOO 5eOO 6~92 34.00 2e40 
1021 o.o 2.40 18.50 21.00 .ao 3.04 15~67 3e43 4.50 10e40 26.25 3.67 
1021 o.o 4.00 31.50 25.00 .60 1.80 14el4 3.75 4.50 7.43 41.67 4.56 
1030 u.o .30 2.50 16.50 .80 2.23 17e57 5.67 4.00 6.33 20.63 3.13 
1030 o.o 2e20 50.50 25.00 .70 2.54 17·28 7el4 s.oo 5.67 35.71 4e00 
103 0 o.u 5ev01l4e00 32eOO ·60 2.49 14e15 a.oo 5.50 4.82 53.33 4e82 
1031 o.u .6u 1u.oo 15.00 .60 2.86 18e65 6e67 4e80 6.52 25.00 2e12 
103 1 o.o 2.2u 36.00 17.50 .so 3.64 17.47 a.oo 5.20 6.56 21.88 2.37 
103 1 o.o 5.30 90.00 33.00 e7U 2.17 14e44 9e20 6.00 4.16 47.14 4.50 

1033 u . o .70 o.oo 17•00 e60 3.27 16e32 3.78 4eOO lOe01 28.j3 3.25 
1033 o .u 3.60 35.00 35.00 .90 3.48 13.35 6.oo s.oo 6.77 38.89 3.38 
1033 o . o 7.3U 70.00 47.00 .70 2.56 l0el2 4.67 8.50 5.96 67.14 4.53 
1834 8:8 .40 1g.so 18.00 .so i:~~ 16.65 a.oo g·40 4.6~ 36.00 1.81 
1 34 2.60 6 • 00 21.00 .60 18.43 10.00 .20 4.1 35.00 3.04 
1034 o.u 4.6Ul2o.oo 28e00 .so 1e83 10·62 9e25 7e50 3.33 .56·00 2·73 
1U35 o .u .31.) 7.oo 25.00 .ao 1.68 10e70 9.33 7.50 3.15 31.25 2.33 
1v3S u.u 2e80 70.00 28·00 1.00 2e17 10·57 5·25 8e00 5e13 28.00 2e50 
1035 o.o 4.00 99.00 34.00 .au 2.29 12·95 Sell 9.80 5.92 42.50 2e47 
10 36 o.o .40 a.oo 26.00 .so 2.58 18·02 6e33 5.00 6.31 32.50 4e20_ 
1036 0.0 leBO 40.00 36.00 .70 2.86 13e59 a.oo 6.50 5.17 51.43 4e54 
1036 u.o 3e00 68.00 44e00 .so 1·15 8·25 S·33 e.oo 3e30 88e00 4·50 
1038 o.o .30 4.oo 22.50 1.00 3.81 12·04 8e40 4.50 5.92 22.50 4.oo 
1038 o.u 2.10 27.00 31.00 1.00 4.09 12·00 7.67 5.00 6.45 31.00 5.20 
1038 o.o 4eGU 55.00 38.00 .ao 4.06 10e94 6e00 6.00 7.00 47.50 S.33 

PETITE VALLEE HARBOURtEAST. 
1 o.o 4.30 o.oo 16.SO 1.10 4.91 20.16 9e50 s.so 7.73 15.00 2.00 
1 o. o 9.50 37.00 21.00 1. o u 4.32 10·16 Se50 6.50 7.47 21.00 2.23 
1 o.o 13.00 82.00 27.00 1.00 4.43 11.93 5.00 6.70 8.42 27.00 3.03 
1 o. o 16.8{) 92.00 29.00 1.40 6.01 18.62 s.so 6.00 11.19 20.71 3·83 
1 u. u 20.5u111.00 32.50 .7o 2.6u 12.31 4e00 1.2o 7.45 46.43 3e51 
1 o. o 27.uu133•00 34.50 .so 1.52 7e56 2e50 7.80 7.48 69.0 0 3.42 
2 o.o 9.00 o.oo 28.00 1.oo . 4.06 8·44 4e33 1o.oo 7.75 28.00 leBO 
2 o.o 14.50 37.00 31.00 .90 4.50 9e25 3.67 11.00 9.54 34.44 1e82 
2 o.u 22.50 71.00 36.00 2.70 7.66 20.22 2.91 12.00 20.66 13.33 2.00 
2 o.o 30.00 89.00 37.50 1.10 3.15 8.53 2.75 8.50 9.67 34.09 3.41 
2 o.o 35.50106.00 46.00 1.30 3.18 7.91 2.67 13.00 9.69 35.38 2.54 
2 o.o 44.00122.00 48.00 1.10 3.46 6e58 1e67 16.00 17.80 43.64 2.00 
3 o.u 11.50 u.oo 34.00 1.10 4.09 15.19 4.80 15.00 8.98 30.9l 1.27 
3 o.o 15.50 20.00 43.00 .70 3.81 10.39 3.50 9.00 9.35 61.43 3.78 
3 o. o 19.50 38.00 53.00 1.00 4. 76 10.85 2.67 14.50 13.74 53.00 2·66 
3 0.·0 32.50 60.00 54.00 2.20 4.9 0 23.27 3.80 13.00 14.09 24.55 3.15 
4 o. o o.ou o..oo 19.00 .so 4.21 11.11 11.75 7.00 5.61 23.75 1.71 
4 o. o 1.20 16.00 25.00 1.40 5.14 14.57 9.33 a.oo 7.44 17.86 2.13 
4 o.o 4.10 26.50 23.50 1.20 6.65 14.58 10.67 s.so 8.78 19.58 1.76 
4 o.u 5.80 32.00 25.00 1.10 4.24 19.95 6.67 9.00 8.31 22.73 1.78 
5 1o.c 16.uu G.oo 35.00 .40 3.01 4.09 1.75 13.SO 12.28 87.50 1.59 
s 10.0 27.uo 44.00 53.00 1.60 S.44 14.93 1.83 io.oo 26.67 33.13 1.65 
5 10.0 38.00 75.00 55.00 1. ou 4e0U 5·71 1·50 21.50 22.17 55.00 le56 
5 31.0 15.50 o.oo 48.00 .so 3.94 4e70 1e75 16.00 15.09 96.00 2·00 
5 31.0 24.UO 87.50 42.00 1.10 4.04 6e04 3.00 15.50 9.00 38.18 1.71 
5 31.0 33.00138.00 34.00 1.50 4.00 6·84 3.oo 13.00 9.33 22.67 1.62 
5 31.0 39. UU169.00 62.00 1.50 3.81 8·53 6.00 19.00 6.25 41.33 2·26 
5 48.0 39.00192.00 71.00 .9 0 1.43 1.91 2.60 24.00 3.52 78.89 1.96 
5 48.0 19e5U 88.50 47.00 1.10 3.93 5e98 1e33 18.00 30.24 42.73 1.61 
s 48.0 26.50144.00 62.00 .90 1.43 2.22 3.00 22.00 3.25 68.89 1.82 
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5 48.U 10e5U o.oo 32.00 1.10 5.71 lle31 3.oo 8.00 13.86 29.09 3.00 
5 76.5 15.50 . 0 .oo 33.00 .60 3·27 11·31 2~00 12.00 16.98 55 .. 00 1·75 
5 76.5 19.50 56.00 45.00 1.50 2.86 12·23 2e50 17.00 12.49 30.00 1.65 
5 76.5 28.00 96.00 46.00 1.20 4.00 9.09 1.67 19.00 22.12 38.,33 1.42 
5 76.5 33.00142.00 84.00 .8o 1.72 4.00 1.50 37.00 12.89105.00 1.27 
5 102.8 18.uu u.oo 41.00 .70 2.86 8.53 2.17 16.00 12.32 58.57 1.56 
5 102.8 23.00 19.00 43.00 1.30 4.00 14.42 3.oo 15.00 12.76 33.08 1.87 
5 102.8 28.0U 36.00 4u.OO 1.20 3.43 9.65 2.50 14.50 11.87 33.3j 1.76 
5 102.8 32.00 74.00 37.00 1.20 3.43 1o.2o 2e2S 13.00 13.89 30.83 1.8S 
5 112.3 21.00 o.oo 48.00 1.10 1.64 10.S2 le50 16.00 23.59 43.64 2.00 
5 112.3 23.00 28.oo S6.00 1.30 6.28 9.65 2e50 20.00 16.39 43.08 1.80 
5 112.3 27.uu 54eUO 62.00 le5U 4.57 8·53 1e57 21.00 25e35 41.33 le95 
5 112.3 34.00 80.oo 59.00 1.40 3.43 7e41 2.67 17.00 9e8U 42.14 2.47 
5 130.8 15e5U Oe00 28.oo .60 2.66 6·63 le67 10.50 16e03 46.67 le67 
5 13u.8 26.uu 48.00 45.00 1.30 2.86 4.29 1.75 17.00 12.19 34.62 1.65 
5 13Ue8 3o.uo 82.00 71.0U 3.70 4.29 8.53 3.5o 27.00 9.31 19.19 1.63 
5 130.8 32.00114.00 68.00 .90 2.15 4·29 2·00 22.00 8.su 75.56 2·09 
5 148.0 19e0U o.uo 46.00 le20 3.81 Se44 le67 17.00 17.13 38.33 1·71 
5 148.0 23.00 28.oo 44.00 1e70 4.40 7e88 2e33 17.00 13.31 25.88 1e59 
5 148.0 3o.uu 54.00 42.00 .9() 4.24 8el3 2·00 11.50 16.06 46.67 2e6S 
5 148.0 34.00 93.0() 38.00 .60 3.37 Se71 leSS 14.0() 19.03 63.33 1.71 
5 164.0 22.10 9.00 S2.00 1.8u 1.15 9.09 l.so 16.50 20.15 28.89 2.15 
5 164.0 24e5U 26.50 55.00 2.2u 3.61 11.31 3.50 19.00 9.42 25.00 1.89 
5 164.0 29e3U 33.00 48.00 le9() 3eOl lOe73 2.08 18.oo 15.Q7 25.~~6 1·6 7-
5 164 . 0 38e00 65.50 49.00 .so .95 6·65 1·SO 16.00 15.54 6le2S 2·06 
5 177 . 5 21.50 o.oo 46.00 1.20 3.18 4e24 2.50 16.00 8.07 38.33 1.88 
5 177 . 5 26.00 26.00 49.00 1.10 2.86 5e14 2.50 17.00 8.13 44.55 1.88 
5 177 . 5 31.00 45.00 57.00 1.40 3.27 13.65 3e40 14.00 10e06 40.71 3.07 
5 177 . 5 35.uO 68.00 47.00 1e60 3.37 12.53 11.00 16.00 4.93 29.38 1e94 
5 192 . 2 20.50 o.oo 40.00 .90 3.43 5e71 le50 16.00 20.66 44elt·4 1e50 
5 192 . 2 23.50 16.50 37.00 1.30 5.14 7e41 2.00 15.50 17.12 28.46 1.39 
5 192 . 2 27.20 22.00 36.00 1.40 7.41 12e41 3.20 7.00 15.94 25.71 4el4 
5 192.2 29.00 28.oo 34.00 1.So 8.53 16.17 3e80 6.So 16.7S 22.67 4.23 
5 192.2 32.00 43.00 38.00 1e1U 4.00 8.53 2.50 a.so 12.11 34.55 3.47 
5 192.2 33.50 55.50 41.00 .90 2e29 4eS7 1eSO 14.00 15.SS 45.56 1e93 
5 200.4 19.00 u.oo 38eOO .90 3.27 7e33 1e75 a.oo 16.75 42.22 3.75 
5 200.4 21.uo 15.00 41.00 1.10 2.86 7.97 2.00 8.40 13.32 37.27 3.88 
5 200.4 25e5U 43.00 44.00 1.30 8.93 15.19 2e50 9.00 23.37 33.8S 3.89 
5 200.4 29.5iJ 60.00 46.00 .9u 2.29 6.84 1.67 12.00 15.44 51.11 2.83 
5 200.4 32.00 86.00 49.00 .8o 1e72 4e57 1·33 15.00 19e62 6le25 2·27 
5 212.5 zo.su u.oo 42.00 .au 4.21 14.74 1.50 14.00 34.59 52.50 2.oo 
5 212.5 23.00 16.00 43.00 1.40 6.34 13.74 3.20 13.00 14.97 30.71 2.31 
5 212.5 28.00 32.00 41.00 1.70 5.44 11.31 3e33 12.50 12.36 24.1 ,2 2.28 
5 212.5 35.00 66.00 46.00 .90 3.58 s.oo 2e50 20.50 9.21 51.11. 1e24 
5 261.0 22.0U 14.00 58.00 .70 2.45 5e71 1e67 23.00 14.30 82.86 1.52 
5 261.0 27.00 26.00 63.50 leUO 6e34 8·84 2·00 19.00 20e54 63.50 2e34 
5 261eU 30.uu 45.00 65.50 2.4U 9.93 12.00 2e30 22.00 2S.15 27.29 1.98 
5 261. 0 37.50 71.00 76.00 1.00 1.72 2.86 1.75 26.00 7.77 76.00 1.9L 
5 277. 0 zo.uo o.oo 33.00 .• 70 3.64 6~23 1.50 14.00 22.0S 47.1.!• 1.36 
5 277.0 22.2U 33.50 42.00 1e2U 4.29 13.36 2.00 13.50 20.44 35.00 2.11 
5 277. 0 25.00 52.00 53.00 1.80 4.57 1le31 2e40 14.00 15.35 29.4.!~ 2.79 
5 277.0 29.00 81.00 61.00 2.2U 3.27 8e13 4.oo 15.50 7.02 27.73 2e94 
5 277. 0 31.70 94.00 64.00 1.10 3.58 7e83 1.67 20.00 19.65 58.18 2.20 
5 293.0 l7.uu o.oo 38.00 1.30 3.81 6e97 2.33 13.00 11.70 29.23 1.92 
5 293.0 19.5u 25.00 39.00 1.2u 3.81 5e71 2.80 14.50 9e03 32.50 1e69 
5 293.0 23.uu 43.UO 4u.oo 2.10 8.53 19.93 3e14 12.00 20.42 19.05 2.33 
5 293.J 30.50 73.00 45.00 1.20 3.81 6e34 2e90 11.50 9.07 37.50 2.91 
5 293.0 37.5U100.00 53.00 .7U 3.12 5e19 2.50 14.00 8 .• 59 75.71 2.79 
5 322.0 21.0(.) o.oo 56.00 .au 2.86 5e7l 1.75 13.50 13.94 1o.oo 3.15 
5 322.0 28.50 53.00 65.00 1.90 8.13 15e95 1e92 11.50 30e12 34.21 4e6S 
5 322.0 38.00 98.00 71.00 .so 2.86 5e00 le57 15.00 16.12 88.75 3.73 
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6 o.o o.uu u.oo 21.00 .90 2.67 18.43 5.20 4.00 7.5U 23.33 4.25 
6 o.o 1.30 9.00 28.00 .70 1.57 9.00 4.67 5.50 4.42 40.00 4.09 
6 u.o 2.uo 24.50 37.50 .70 1.54 9e52 6.oo 4.00 3.73 5j.57 8.38 
6 o.o 2.5u 34.00 43.00 .90 1.80 16.24 7.33 5.50 4. 58 47.78 6.82 
7 30.0 11.50 o .oo 29.00 .so 3.58 7e13 1.87 6.oo 15.44 36.25 3.83 
7 30.0 l3e5U 31.00 26.00 1.10 4.29 8.53 1e67 10.50 22.08 23.64 1e48 
7 30.0 15.50 71.00 29.00 1.30 3.58 12e68 2e22 11.50 16.08 22.31 1e52 
7 30.u 20.5U 96.00 34.00 1.40 4.29 14e71 2e50 9.00 16.12 24.29 Ze78 
7 30.0 25eU U113eOO 37.00 .70 3.58 5·71 1e80 9.50 14.80 52.86 2.89 
7 41.0 5.0() o.oo zs.o o .60 4.29 9.23 2e50 1.oo 12.99 41.67 2.57 
7 41.0 9.00 30.00 4u.oo le50 7.13 16.70 s.oo a.oo 12.77 26.67 4e00 
7 41.u 16.50 82.00 39.00 1e2 0 5.00 14e04 3e50 6.50 12.28 32.50 s.oo 
7 41.0 23e5U122e00 45.00 .70 4.29 11e31 3e00 10.50 11.81 64.29 3e29 
7 49.0 7.uu o.oo 30.00 1e10 4.57 14e57 3e50 5e00 11e89 27.27 5e00 
7 49.0 9 • .?0 35.00 27.00 .s o 4.57 11.31 1.67 s.oo 25.79 33.75 2.38 
7 49.0 23.00120.00 39.00 1.3u 4.2'7 11e31 3.00 10.50 11.81 30.00 2e71 
7 71.0 4.30 o.oo 20.00 .60 6.44 10.95 1.57 o.oo 32.29 33.33 2.33 
7 71.u 7.5v 41.00 36.50 1.30 4.57 14.57 2. 2"5 10.00 18.68 28.0b 2.65 
7 71.0 16.00 95.00 32.50 1.oo 4.57 14e57 2.oa 6.5 0 20e64 32.50 4.oo 
7 71.0 2o.uu114.00 42.00 .s o 3.58 8e53 1e33 7.50 34.11 52.50 4.60 
7 95.8 3e00 o.oo 4u.oo .60 4.90 9e73 1e80 <J.oo 21.77 66.67 3e44 
7 95.8 6.50 33.00 21.00 .70 5.19 13.30 2.33 7.00 18.09 30.00 2.00 
7 95.8 9.ou 68.00 33.00 1.1o 5.11:1 17e18 2·50 7.5o 18.78 19.41 3e40 
7 95.8 2o.uu11u.oo 41.00 1e1U 5e71 12e41 1e83 9e50 25.11 37.27 3.32 
7 119.3 3.5 0 o.oo 24eOO .so 3.27 12·09 1e57 8eOO 26.85 3o.oo 2eOO 
7 119.3 9.uu 58.50 50.50 .90 3.05 10~57 1e75 9.00 19e9U 56.11 4e61 
7 119.3 13.5U 92.00 41.00 .au 4.21 12e44 3e25 7.50 11.33 51.25 4.47 
7 119.3 18.50119.00 4U.50 1e2U 4.16 15e26 3.50 9.5 0 11.57 33.75 3.26 
7 131.0 3.30 o.oo 27.00 .so 3.43 4e57 1e50 5.oo 18.72 54.00 4.40 
7 131.0 10.50 44.00 18.50 .60 4.57 23.75 2.oo 4.50 27.54 30.83 3.11 
7 131.0 15.00 75.00 42.50 1.ou 5.71 17.82 1e67 11.30 33.74 42.50 2.76 
7 131.0 16e8U1U5e00 47.00 2.50 7.29 18e03 1e71 14.00 35.11 18.80 2e36 
7 131.0 22.vul28.oo 57.00 .70 2.86 6e52 1e67 11.50 16.34 81.43 3.96 
7 146.0 3.uu o.oo l9eOO .s o 6.71 12·60 1e67 6.oo 31.29 23 .. 75 2.17 
7 146.0 6 • .?0 63.00 25.00 1.00 4.90 11.83 2e80 9.00 13.78 25 •• 00 1.78 
7 146. 0 15.50105.00 32.00 1.00 3.12 10e30 2e13 9.60 14.52 32.00 2e33 
7 146.0 2le5U137e00 37.00 .so 3.34 12.00 1e57 11.50 26.88 46.25 2e22 
7 164.3 le2U u.oo 16.00 .so 5.71 26·10 2e67 3.oo 21.89 2o.oo 4.33 
7 164.3 3.20 42.00 25.00 1.oo 3.43 11.86 1.67 7.50 24.02 25.00 2.33 
7 164.3 11.5v1u9.oo 39.00 1.10 5.19 10.93 le75 13.50 24.58 35.45 1.e9 
7 164.3 18.50142.00 22.00 .9u 3.43 12e41 1e67 6.50 24.61 24.44 2.38 
7 180.7 s.uu 46.00 6u.oo 1.8 u 3.81 14.93 2.50 12.50 15.51 33.33 3.80 
7 18 0 .7 12.50 70.00 68.00 1e40 1e72 21e31 2. 75. 6.00 13.78 48.5 7 10.33 
7 180.7 18.20110.00 31.00 .70 1.91 6.97 1e25 9.00 32.41 44.29 2.44 
7 180.7 21.50154.00 42.00 .50 2.86 5e7l 1e10 20.50 56.15 84.00 1.05 
7 20 0 .0 8.ou 20.50 33.00 .90 6.84 14.57 2·20 9.50 22.90 36.67 2e47 
7 200.u 9.50 39.50 39.0 0 1·00 4e00 14·04 2·50 10.50 15·31 39e00 2·71 
7 20 0 .0 13.50 63.00 43.00 .1.00 3.43 1~·20 2·99 1g:gs ~2·41 43.00 3.30 
7 2 00 .0 20.50 94.00 48.00 .60 3.63 .90 le6 .26 ao.oo 4.65 
7 214.0 1.5u o.oo 16.00 1e1U 4.94 15·85 3.50 5.00 12.82 14.55 2.20 
7 214.0 6.5u 47.00 21.00 1.oo 3.81 13.13 1.64 7.00 27.02 21. 0 0 2.00 
7 214.C 14.00 87.00 19.50 .90 3.58 16.04 1e71 5.50 27.07 21.67 2.55 
7 214.0 17e5Ul09e00 13.50 .70 4.18 15.02 2.20 4.50 18.86 19.29 2.00 
7 214.0 20.50126.00 17.50 .7u 5.60 20.43 3.00 4.50 17.40 25. 0 0 2.89 
7 234.5 3.50 u.oo 28.00 1.00 3.99 24.39 2.14 5.70 24.62 28.00 3.91 
7 234.5 7.00 30.00 36.00 1.20 1.94 17.85 2.25 5.80 16.44 30.00 5.21 
7 234 •. 5 12.5u 59.00 57.ou 1.7U 4.57 9e93 le40 18.50 34.68 33.53 2.08 
7 234.5 16e5U 97.00 21.00 1.00 5.71 16e99 2·75 5.20 17.64 21.00 3. 0 4 
7 259. 0 3.ou u.oo 47.0 0 .90 1e49 3·98 1e43 14.50 13.91 52.22 2e24 
7 259.0 1.00 24.50 52.00 1.30 4.00 15.64 2.00 10.50 21.63 40.00 3.9~ 
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7 259eG 13.00 so.oo 42.00 1.40 4.09 18.6i 2.25 7.00 20.29 30.00 5.00 
7 259.0 16.00 73.00 48.00 1.00 2e29 10e20 1·62 11.00 20.74 48 .. 00 3e36 
7 278.0 7.50 o.oo 22.50 1.00 11.59 15.75 2.50 6.00 27.50 221,50 2.75 
7 278eU 9eSO 33.00 21.50 1.20 4.76 10.39 1e83 8.5 0 21.52 17 .,9~ 1.53 
7 278.0 14.UU 80.00 39.50 .90 4.00 10.76 1.80 15•5 0 21.01 43.89 1.55 
7 278.0 20.50129.00 43.00 1. o o 3.43 11.31 1.75 16.50 21.44 43.00 1.61 
7 306.0 3.So o.oo 27.00 .40 4.84 24.59 2.17 3.00 25.61 67.50 8.oo 
7 306.0 s.su 16.00 28.oo .60 6.84 20.81 2.33 4.00 24.62 46.67 6e00 
7 306.U 9.5 0 36.00 28.oo 1.00 9.16 19eS4 2e00 5.00 32.32 28.00 4.60 
7 306eO 11.50 55.00 25.00 .90 5.53 14.47 1e71 5.50 29.35 27 ., 78 3.55 
7 3u6.o 18e UJ 84.00 28.oo 1·00 9e09 18e78 1·80 4e50 36.13 28.oo 5e22 
7 320.0 .20 o.oo 22.00 .so 3.49 12.38 2.oo 4. 0 0 18.25 44.,uo 4e50 
7 32o.o 4.~0 17.00 33.50 .90 4.28 13e66 1e60 5.00 29.67 37.~2 5e70 
7 320.0 7.00 39.00 47.00 1.40 5.44 2o.o6 2.33 8.50 22.19 33.,5 7 4.53 
7 320.0 9.30 S2.00 S4.00 1el0 2e57 10e19 1e40 7.00 30.06 49.09 6.71 
7 32o.o 16.00 ·86.00 36.00 1.40 11.69 21.63 2.67 7.so 28.39 2S.71 3.80 
7 32u.o 20.20109.00 30.50 1.30 11.31 18·00 1e94 1.oo 3S.85 23.46 3.36 
8 43.0 3.80 20.00 28.00 1.20 3.81 14e04 4e00 9e00 9.S6 23.33 2e11 
8 43.u 6.uo 34.00 30.00 .9() 4.21 1Se87 2e00 6.50 22.15 33.33 3.62 
8 43.0 8.s u 48.00 38.00 1.20 5.27 15.48 2.75 11.00 16.32 31 .. 67 2.45 
8 43.o 12.ou 63eOO 45.oo 1e40 4.86 22.38 4e8Q 7.5o 11.53 32 .. 14 5eOO 
8 62.u .sv 19.00 27.oo .so 3.34 8e53 3•00 1o.oo 9.15 33.7S 1e70 
8 62.0 2e20 47.00 41.00 1.60 6.65 23·43 5.oo 8.50 13.57 25.63 3.82 
8 62.0 6.20 61.00 49.00 1.50 5.91 16.52 4e00 11.50 12.98 32.67 3 .~6 -

8 62.0 9.50 71.00 52.00 le10 3.66 13.93 2.4Q 12.00 15.46 47.27 3.33 
8 15l.u 6.5u o.oo 35.50 .7o 4.S7 9e46 le40 11.ou 34e01 5o.71 2.23 
8 1Sl.o 8.50 23.00 18.oo .70 4.51 11.31 1e75 6.oo 23.6u 25.71 2.oo 
8 1Sl.O 10e5v 38.00 44.00 1.S0 s.3o 14.73 2.13 10.00 21.31 29.33 3.40 
8 1S1. U 17.5U 61.00 37.00 2.50 9.93 19.54 2e30 10.5 0 28.92 14.80 2.52 
8 172.0 3.4() 31.00 28.00 .7o 4.29 9·58 1e80 1o.oo 20e4l 40e00 1·80 
8 172.0 6.5u 62.00 28.o o 1.1 o 4.45 9e46 1eSO 11.30 28.87 25.45 1.48 
8 182.8 o.ou o.oo 27.SO e60 1.91 5·71 1e50 7.50 16.52 45.83 2e67 
8 182.8 1.50 25.50 39.00 .7 0 3.01 10.15 1.57 11.00 23.86 55.71 2.55 
8 182.8 3.20 38.00 39.5 0 .80 2e75 8·64 1·62 8.so 19.78 49.38 3e65 
8 187.8 1.00 o.oo 17.8 0 .60 3.43 11.31 1.94 4.ou 18.03 29.67 3.45 
8 187.8 2.50 19.00 27.00 1.1 0 4.01 19.33 2.37 5.00 19.23 24.55 4.40 
8 187.8 6.00 42.00 24.00 1eUO 5.33 19.80 2e25 5.50 22 .86 24.00 3e36 
8 194.7 1.50 o.oo 17.00 .60 3.69 5e53 le67 4.30 16.96 28.33 2e95 
8 194.7 4.50 38.00 25.50 .80 4.65 9e2S 1e80 7.00 20.81 31.88 2.64 
8 194.7 11.50 90.SO S2.00 1.40 2.86 11·03 2e00 11.00 16.00 37.14 3e73 
8 194.7 14.50106.00 50.00 1.80 3.37 14.93 2.13 11.SO 18.32 27.78 3.35 
8 203.0 .so o.oo 27.50 .so 2.05 9 .• 33 1e57 s.oo 2o.so 5S.OO 4.50 
8 203.0 s.ou 42.00 28.00 .60 3.0S 16.70 1.90 5.50 22.47 46.67 4.09 
8 203.0 9.5u 74.00 29.00 1.50 4.9S 17.74 2.5o · 1o.5o 18.70 19. 33. 1e76 
8 203.0 19.U0142.00 S7.00 1.30 4.30 6·01 1e7S 21.00 17.45 43.8 5 le71 
8 209.0 3e00 o.oo 35.00 .90 2.36 16.10 1e80 5.50 22.76 38.89 5.36 
8 209.0 5.50 23.00 28.SO 1.00 3.69 7.72 1.8() 9.00 17.26 28.SO 2.17 
8 209.0 11.SO so.oo 31.SO ~.90 6.06 23.01 2.50 7.50 22.70 16.58 3.20 
8 209.0 19.SO 81.00 34.50 1.10 4.97 16e16 1e9 0 6.00 25.41 31.36 4e75 
8 21S.8 2eSO u.oo 30.00 .so Se19 12e80 1e83 6.50 24.SO 37.50 3e62 
8 21S.8 9.70 30.00 36.00 1.60 4.16 18.12 1.7s 11.00 28.85 22.50 2.27 
8 215.8 12eSU 40.00 25.50 1.00 s.71 16·11 2·00 8.50 24.84 25.50 2.oo 
8 215.~ 17.uu 75.00 28.SO 1.oo 4.21 16e98 1e90 8e00 24e7U 28.SO 2eS6 
8 223.0 2.30 o.oo 31.00 1.10 3.27 14e04 2e00 7.so 19.16 28.18 3.13 
8 223.0 6.()0 22.50 37.50 1.2u 3.23 13.60 2e06 9.00 17.91 31.25 3.17 
8 223.0 9.su 45.00 33.00 1.00 3.42 13.43 1e94 8.00 19.78 33.00 3e13 
8 228.U 1.ou 17.00 36.00 1.2u 3.96 15.48 3.14 7.00 12.56 30. 0 0 4.14 
8 228.0 5.uu 41.00 44.00 1.50 5.71 20.81 6e80 9.00 1 0-· 0 3 29.33 3.89 
8 228.0 11.00 62.00 S9.00 1.20 3.43 5e7l 1.60 23.00 17.97 49.17 1.57 
9 449.u 9.uo u.oo 42.00 1.00 5.71 17.35 3.50 12.00 14.3S 42.00 2.50 
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9 449.0 21.50 49.00 46.00 1.00 4.33 6e05 2.17 14.00 13.00 46.00 2e29 
9 449.0 27.50 76.00 41.00 .so 4.97 11.31 4.50 9.00 9.5u 51.25 3.56 
9 449.0 30.00123.00 47.00 1.00 5e14 11·31 4e00 14.50 10e46 47.00 2.24 
9 484.0 4.50 o.oo 37.00 1e10 3.61 11e31 3e84 12.00 8e73 33.64 2.08 
9 484.0 20eU0109e00 55.00 2.40 5.71 18.00 5.oo 12.00 11.33 22.92 3.58 
9 484.0 26.00151.00 43.00 .70 2.86 10.85 2.25 11.00 13.37 61.43 2.91 
9 484.0 30.00224.00 49.00 1.50 3.34 16e26 2e40 14.00 16.30 32.67 2e50 
9 484.0 48.00314.00 57.00 1.10 2.49 9e87 10·00 11.50 3.85 51.82 3.96 
9 528.0 4e00 o.oo 27eOO .90 4.53 11e75 2·20 a.5o 17.26 3o.oo 2e18 
9 528.0 21.50 56.00 42.00 1.50 5.82 17.47 2.57 11.00 19.27 28.00 2.82 
9 528.0 42.00124.00 48.00 1.40 4.22 13.37 4.50 13.00 9.09 34.29 2.69 
9 528.0 49.00161.00 64.00 1e30 2.86 7·41 4e67 l5eOO 5.63 49e23 3·21 
9 528.0 57.00220.00 50.00 1.oo 3e05 6e84 3·33 18.00 7e24 50e00 1·78 
9 562.0 1.50 24.00 36. oo. 1.10 6.84 16.35 4.50 7.00 13.12 32.73 4e14 
9 562.0 14.00 62.00 48.00 1e40 7.13 17·57 3·63 9.00 15·87 34.29 4e33 
9 562.0 32.00106.00 49.00 ·10 6.09 14•93 3·33 1·00 14e59 1o.oo 6·00 
9 562.0 36.0017o.oo 53.00 1e10 4.84 15.89 2·50 10.00 17.58 48.18 4e30 
9 562.0 53.00260.00 57.00 1.00 5.71 13.50 7e00 12.00 8.82 57 .. 00 3e75 
9 58 7 .0 7.00 27.00 27.00 1.10 6.34 11.31 2.75 5.50 15.92 24 .. 55 3.91 
9 58 7 .0 18.50 77.00 33.00 1.20 3.69 9.76 1.83 10.00 18.82 27 •. 50 2.30 
9 58 7 .0 34.00154.00 36.00 1.40 5.27 12e15 3.17 10.50 12.98 25.71 2.43 
9 58 7 .0 45.00213.00 35.00 1e00 5.89 17·88 3e17 8.50 16e04 35e00 3·12 
9 58 7 .0 58.00257.00 43.00 1.00 4.00 16.70 3.33 9.00 12.39 43.00 3.78 
9 607.0 12e5U u.oo 29eOO 1e00 3.43 15e64 2·50 8.5o 15e3U 29.00 2 .41 · 
9 607.0 17.50 44.00 35.00 1.50 4.55 19e98 4e25 a.5o 1le63 23.33 3e12 
9 607.0 29.50 71.00 37.00 1.00 3.16 7e08 1e70 13.50 17.10 37.00 1.74 
9 607.0 39.00111.00 42.00 1.10 3.27 16.32 2.67 9.50 14.27 38.18 3.42 
9 607.0 49.00145.00 38.00 .70 3.42 8.27 1.67 11.00 19.85 54.29 2.45 
9 607.0 55.00184.00 42.00 .90 4.09 10e52 1.88 8.oo 19.62 46.67 4.25 

. 9 630.0 leBO o.oo 24.00 .80 5.98 10.78 2e00 7.50 21.45 30.00 2.20 
9 630.0 17e5U 47.00 32.00 1.00 6.12 16.70 2.40 8.00 20.81 32.00 3.00 
9 63o.u 34.00 81.00 36.00 1.60 3.96 18.30 2.50 9.00 17.49 22.50 3.00 
9 630.0 44.00102.00 33.00 1.10 2.76 16.15 2.30 11.00 16.23 30.00 2.00 
9 63o.u 53.o0129.oo 44.00 1eu0 3.81 14·22 2.09 11.50 19e00 44.00 2.83 
9 647.0 14.00 11.00 25.00 1eCO 2.86 12•23 2.57 5.50 12.07 25.00 3.55 
9 647.0 22.50 60.00 34.00 1e20 2.82 14.70 3e33 8.oo 10e02 28.33 3.25 
9 647.0 33.50108.00 39.00 1.10 4.00 16.70 2.25 8.00 19.06 35.45 3.88 
9 647.0 48.UU159e00 46.00 1.80 5.19 19.98 3.29 10.50 15.33 25.56 3.38 
9 647.0 62.00214.00 31.00 .90 5.oa 10e70 5·00 6.50 8.93 34.44 3.77 
9 667.0 3.50 o.oo 28.00 .70 3.15 10e70 4.00 5.50 7.68 40.00 4.09 
9 667.0 12.5() 55.00 35.00 1.30 4.11 13.95 3.25 10.00 11.79 26.92 2.50 
9 667 . 0 23.50103.00 42.00 1.40 4.09 l2e88 1e80 9.00 23.16 30.00 3e67 
9 667 e U 35.UU129e00 49.00 2.40 7.52 20.67 2e80 12.00 21.36 20.42 3.08 
9 667 .0 57.00197.00 55.00 2.40 5.71 13.79 2.89 .15.50 15.44 22.92 2e55 
9 667 . 0 65.50238.00 59.00 1.30 4.57 14.04 5e33 18.00 8.74 45.38 2.28 
9 691 . 0 13e0U 13.00 28.00 1.2u 4. 16 10.81 1e83 12.00 20.74 23.33 1.33 
9 69l eU 20.50 49.00 30.50 1.40 5.08 l2e53 2·60 9.00 15.49 21.79 2·39 
9 691 . 0 31.0U1U4e00 42.00 1.30 3.01 9.56 le80 14.00 17.81 32.31 2.00 
9 691 . 0 38.S0132.00 25.00 1..10 5.44 18.43 3.33 6.00 14.94 22.73 3.17 
9 691 .0 46.00165.00 31.00 1e4U 4.29 19.29 5e00 6.50 9.88 22. 14 3.77 

10 u.o 4.70 o.oo 24.0() 1.ou 3.18 12.23 6.67 7.00 5.85 24.00 2.43 
10 o. o 13.00115.00 56.00 .YO 2.06 10.46 4.17 10.00 5.95 62.22 4.60 
10 o. o 21.00156.00 63.00 .90 1.64 11.57 3.43 10.00 6.95 70.00 5.30 
10 o . o 26.00192.00 83.00 .70 .98 7.99 3.50 6.50 4.53118.57 11.77 
10 70.0 5.50 o.oo 35.00 1.20 2.75 14.55 8.5o 9.00 5.01 29.17 2.89 1 .~ v 70.0 8.50 52.00 66.00 1e1U 2.44 12·94 2.50 8.oo 12.23 60.00 7.25 
10 7U.CJ 14.00 95.00 51.00 1.50 2.89 20.24 1e7l 10.00 29.19 34.00 4.10 
10 70.0 24.00150.00 75.00 1.00 1.44 6el6 4.00 13.00 3.96 75.00 4.77 
10 130.0 5.o~ o.oo 48.00 1.30 2.39 10.23 3.13 16.00 8~19 36.92 2e00 
10 130.0 11.00 31.00 66.00 2.80 3.91 20.49 2e20 19.00 21.68 23.57 2.47 
lU 130.u 19.5U 50.00 51.00 1.00 2.16 5.66 2.83 18.00 6.38 51.00 1.83 



ib-9 
10 130.0 23.0U1U9.00 67.00 3.00 7.89 21e85 3e14 17.00 20.2U 22.33 2.94 
10 250.0 6.ou o.oo 36.00 1.uo 2.89 11.16 3.67 7.00 8. 0 3 36.00 4.14 
1G 250.0 1U.~U 26.00 47.00 1.7() 2.83 11e40 2.30 12.00 13.29 27.65 2.92 
10 250.0 15.50 39.00 49.00 1.50 3.62 10.51 2.50 11.00 12.69 32.67 3. 45_ 

EAST OF ANSC. A iviER C I ER' GRANDE VALLEE 
1 90.0 8.uo o.oo 28.00 1.00 5.34 14.16 7.33 6.00 8.33 28.00 3.67 
1 9o.o 1o.uu 16.00 32.00 1.50 5.87 11.31 3.25 12.00 13.20 21.33 1.67 
1 90.u 20e5U 95.00 45.00 1.70 5.81 17.41 3.14 11.00 15.86 26.47 3.09 
1 90.0 23.00114.00 50.00 1.20 3.48 9.15 6.00 12.50 5.97 41.67 3.00 
2 104.0 6.00 o.oo 25.00 1.40 3.95 19.47 s.oo 6.00 7.16 17.t36 3.17 
2 104.U 7.5u 27.00 25.50 1.60 4.81 30.52 10.00 5.50 8.42 15.94 3.64 
2 1o4.o 1o.ov 55.oo 21.oo 1.3() 5.4() 13.44 - 1.2o 9.oo 8.35 20.77 2.oo 
2 104.0 12.vu 74.00 32.oo 1.60 7.oo 17.03 4eOO a.5o 14.52 2o.oo 2.76 
2 12s.u 7.30 24.50 2v.OO .70 3.26 10.40 5.20 4.50 6.46 28.57 3.44 
2 128.0 s.ou 52.50 23.50 .so 2.64 12.58 4.00 6.40 7.59 29.38 2.67 
2 128.() l1elU 85.00 37eOO le2U 1.94 13·35 4e29 7.50 6.48 30e83 3·93 
2 12s.u 13.2u1o1.oo 40·00 .so 2e29 7·20 2e50 9.50 8.51 5o.oo 3e21 
2 154.() 5.40 8.50 22.50 .90 2.22 19.27 9•33 4.00 4.72 2 5 .o 0 4.63 
2 154.0 9.5u 77.00 22.0U 1.30 4.49 16.70 4.75 5.50 9.90 16.92 3.00 
2 154.0 11.001()3.00 28.00 1.20 3.95 17.96 5.14 7.30 9.00 23.33 2.84 
2 154.() 13.50125.00 39eOO 1.ou 2.os 11.31 · 4.25 7.5o 6.13 39.00 4.2o 

·{' 2 18u.u 5.2u u.oo 19.50 .eo 4.40 14.38 9eOO 4e50 6.69 24.38 3.33 
2 180.u 6.3 u 35.50 26.00 1.40 5.83 22.46 7.33 6.50 10.03 18. ~ 7 3e00 
2 180.0 11euU 97.00 38.50 2.30 3.30 15·58 6e67 11.50 6.54 16.74 2e35 
2 18u.u 13eUU114e00 45.00 .90 1.75 11.53 4e00 7.50 6.10 5o.uo 5.oo 
2 214.0 4.00 o.oo 19.50 .so 2.29 13.17 11.33 3.50 3.76 24.38 4e57 
2 214.0 7e4U 69.00 21.50 leUO 3.49 15.37 7.50 5.00 6.32 21.50 3.30 
2 214.0 1le2Ul11e00 27.00 1.40 2.56 l4e64 4.uo 7.50 Sell 19.29 2.60 
2 214.0 14.50132.00 36.50 1.1u 4.42 5e57 3.33 16.00 8.65 33.18 1.28 
3 u.u 4.7v u.oo 31.00 .so ' 3.27 10.78 5.75 7.50 6.18 38.75 3.13 
3 o.u 5.60 16.00 35.00 1.20 3.72 7e69 2.75 12.00 10.10 29.17 1.92 
3 o.u 9.uu 45.00 38.00 1.ou 4.21 16.39 5.oo 5.50 9.15 38.00 5e91 
3 o.u 12.50 92.00 52.00 .au 3.13 s.oo 4.00 7.50 6.79 65.00 5.93 

ANSE A fviERC I ER WEST, GRANDE VALLEE 
4 o.o 20.00 o.oo 27.00 1.20 4.16 14.77 4.50 7.00 9.37 22.50 2.86 
4 u . o 41.00 68.00 29.00 1.60 4.76 15.38 4e00 11.00 11.18 18.13 1.64 
4 o . o 57.00 85.00 33.00 2.10 1.2e 14.04 1.69 11.50 33.02 15.71 1.87 
4 u. o 63.uu112.uo 35.00 1.80 7.03 13.85 1.89 12.50 2.7.50 19.44 1.80 
5 o .o 16.0U o.oo 27.00 1.40 11.11 19.6, 4.86 a.oo 18.40 19.29 2.38 
5 o .o 23e0U 24.00 44.00 2.00 7.88 27.61 6.00 lOeOO 14.27 22 .oo 3.40 
5 u.o 41.00113.00 49.00 1.80 10.35 24.74 5.00 12.50 18.18 27.22 2.92 
5 u . o 52.0J265.00 68.00 3.20 5.oe 8 .43. 1.79 28.00 21.10 21.25 1.43 
6 o. 0 . 14.00 o.oo 27.00 1.90 6.40 l-4. 59 4.80 s.so 11.70 14.21 2.18 
6 o.o zz.uu 62.00 48.00 3.10 7.03 19.64 2.83 16.00 20.06 15.48 2.00 
6 o .u 31.00114.00 46.0() 2.3U 3.04 16.87 3.33 13.0() 11.14 20. 0 0 2.54 
6 o .u 43.uv170.00 6'.1.ou 4.00 4.7'.1 30.66 2.09 16.50 29.23 17eL5 3.18 




