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ABSTRACT ' | .

-, 5 Lo . K R -
The Beekmantown Group consilsts of a siliciclastic

and carbonate-transgressive seqoence that\was dePosited in the
Ottawg Basin between post-Hadrylan and Midgie Ordovician times.
The Group is here divided into ghe Potsddm;'?her Buck
Bridge and Beauharnoils Formations.
No'petrological or blostratigraphica

A
found for the existence of major- unconformities within the

evidence was

rgroup Both textural isollthic maps and conodont biostrati-
graphic studies of the Buck Bridge and Beauharnois Formations
'suggest a facies suite relationship between these formations.
Intermittent penecontempkneous inStabilities along the IFrontenac

\ . - .
Axls, Adirondack Massif and Beauharnois Anticlin are indicated

by ldtalized folding, faulting and angular uncon rmlties near
these structures. | _

The use of textural parameters to distinguish
between verious environments produced confusing and in some’
cases contradictory results when compared with the assoclated
sedimentary structures. Only the log-probability method'of

curve dissectlion suggested by Visher éroduced results,which‘

were conslstent with associeted'sedimentary structures.

Hydrodynamlc conditions indicated by conglomerate
clast sizes, ripple 1engths and cross stratification heights,
'suggest that the Potsdam (Keeseville Member), Theresa, Bucks
Bridge Qnd Beauharnois Formations werxﬁposited in a low wave
energy, microtidal range paleoenvironmentr;ithin the Ottawa

o . M -

Basin.
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. NOTATIONS

~a = angle ,of wave 8Proach to the beach nearest the breaking

e ; ' . . ' . i
d = waG_‘particle\orbital diameter near bottom (ecm) | i h
g - accelerégzbﬂLof\épavity (g = 987°¢ cm/sec) b
hl = mean water .depth (em) = . ) fc
, \1? = wave number (k = i—" )
r = sediment particle radius (cm) o Jﬁﬁ

t- = time required to reduce wave helght from H to’ H by viscous

damping (sec) L _;w
/.-C:\

t(min)- minimum duraticn for development of fully developed seas

under specified wind, fetggé/gnd depth conditiohs (hr)

S &

u, = bed shear welocity (cm/sec) :

u_ = Stoke's second ofder wave asymmetry - velocity (cm/sec)

u_ = Longuet- Higgins water- mass yrans :§t velocity (cm/sec)
u_ = bed threshold velocity required t,
(cm/sec)

u., = bed threshSid Vvelocity required to initié%e sediment mgve-
mens (cmfjgc) \‘“/.

. < . \
z = hydrodynamic bed rowghness element A

4
»

[ .
Al; cees Ak‘== Stein's rule coefficients

= wave celerity (em/sec)

= wave group celerity (cm/sec).

= total wave energy (ergs)

o~ '
|- fetch (distance wind formed waves ‘travel under deep water .

"conditions) >

A

c

C

D = sediment particle diameter . :7
. S

F

<
Fr = Froude number '

1n§$1ate ripple formatien

N

g

.
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KD
L -
P —
r
P -
W
T -
N U o=
S
U
U =
. z
w -

\

- | ;)d -
wave helght (cm) : ’ ‘
on's clast stahllity coéfficient,(for quarry'étoné
LR 3, 2) ' L b /
wave‘length (em) [ --

specific-weighf of clast (Pr = 165 1b/ft3)

specific wélgh@ of water {Pw = 64 lbjfE3)

wave period (sec)

wind mean velocity (mﬁsec)
-4

ﬁkmean current velocity (cm/sec)

surface "current velocity (cm/sec?

welight 9f clast (1b)
: /

Greek notation

a = beach face slope

g = lee side horizontal lengﬁhmofxfipple‘(cm) .

Bi, B2 = Galvin's breaker.type coefficlents where
. . 4 . .

.
v s

v =
m, =
p -

-

Bi > 8  spllling breaker . B2 > 0.8
8 >‘31 > 0.1 plunging breaker 0.8 > B, > 0.05
0.1 > B; surging oxr - .0.05 > B,

coilapsing breaker

# . . - .

bottpﬁ (laminar flé@) boundary iayer thickness (cm)
Shield-Bagnoeld non diménsioqgl bed shear.stress
von Karman's constant (k -dl4) -

ripple 1eﬁgth (cmf - i ' "
kinematié viscosity (v =1.21 x 10 2 poise)
3.141... _ h .

specific gravity of water ( p = 1.03)

i Y

x1i .

~

e

5 O bRt

SCEoa

e L o ke e L
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“ . ' kit
p_ = specific gravity of sediment particle (p = 2.65) '

* - T ..
. 5 kY - . - o
\‘ - - . M ]
. » . . P
k .
- L T . .
. .
. “ o \
.
. -
-

r = bed she&r stress {(dynes)

. W . '
1w = free falling settling veloeclity of sediments (cm/sec)

’

o F- bedform amplitude-(cm)

. H
’f - ‘ N
: Sub‘%@ﬁ_ﬁ{s' and Special Notatlons / '
. ; = / o
r‘ ..‘ .:," “a /" -
b = wave breaking conditions: % _ .
o = bdttoril _‘poundary. conditions"é .
s = solitar:y wave conditions . Y.
w = deep water,f"cc{ﬁ)dit'ion& ¢h > % )

"¢ = phi’size units (
N

t . .
".=  nautical miles: ~

1 = initial value : , / =
H & L
{L)max, maximum wave“steepness ="
" ~
(%E erit eritical deep water wave steépness for .summer or

rofile conditions

Frgjﬁ’e tipht F?oude number




RN : ' . - a .
\‘ﬁ\ﬁtb . . ‘ _ | v R

EQUATIONS

s

The equétions listed are phosg used in chgp%er 5
of this study. Information concerning the conditions under
which the equations are ébﬁﬁcable énd their estimated
accuracy may be found in the listed sources. Unlisted sources

for equations arfe €quations derived in this 'study and hAdditional

...#"
., Qo i
information concerning them may be found in chaptg;' . The
equationg listed have been rearranged or modified to éhe form
" used in the study. Ce > ' “\y
B \ -
Equation Sourcd
5-1 . Dott (1974) u, = 9 DW¥ (ft/sec)
5-2 ~ Dott (1974)  ‘u = 10DYE¢ “—{‘l\t/sec)
5-3 Dott'(197ﬂ) Cbs,m 2 Uy (ft/sec)
-
5-4 Dott (1974) 1§, - obs ?
B's c 8 . (ft)
. . {EE_ _ 1}3 115
5-5 Hudson (1958)  H = |[WEy P, "7 cot o]V
‘ Pr (ft)v
- . - - . _
5-6 Silvester (1974; p.2u41) %% - 0.76{a cosa}‘ﬁ(gga /i
5-7 Komar (1974) d = 1.25 % . (em)
5-8 * d, = {16.43 - 2.92D,~ 1.57 1nm\} (cm)
- . £
5-9°  Clifton (197635 p. 133) A = g0 DY .. (em) .
5-10  *¥ A = (R _4.63y (cm)
A )

B . I ) o e . -

N

PR T L ]

boas i <



T bv s .
-

)

] Xv
Equation Sourae
%5.11a, Komar (1974) u, = 2210, 20)8:D 0, 2 (envser)
- ' v D < 0.% mm
5-11b Komar -(19711)" u, 0'4”(‘35;0)8']3 {QDQ} (cm/see)
‘ . . D. > 0.5 mm
5-12 Komar (19765 p: 379) T < Zde (sec)
. t
5.13 Komar (1976; p. 42) Co = %}E © (cm/sec)
5-14 Komar (1976; p. 42) Lo = TeCoo ' {cm)
- . . y o (Hy . L1
5-15 Komar (197§, p. 61) (f)'max i tanh kh
i, : . (H -1
5-16 K a‘r (1976; p. 52) (L)max 7 tanh kh
i 7/ Heo ‘ _ 17T
5 1 Dean (1973) (Lw)crit goT
5-17b Gibbs et al (1971)
w = =3V * VOVEFE T2 —p) (0.01576 F 0.19841c)
' p(0,011607 + 0.148817) (em/sec)
i N
5-18 Komar (1‘976, p. 56) (h%ax 0.78
5-19 Komar (1976; p. 56) L = Le tanh kh (em)
. 5=20 E’gféfeson &. Dean (196_6; p. 65) %;- %m- 11{:_m tanh kh (cm)
R -
5-21 Eaglesoh & Dean (1966; p. 65) .
H _ He _ .2 cosh kh 1/2
L~ Te ~ 2kh + sinm ogn)  ° °otanh kh




o .
> . \\\
. . xvl
Equation Source
' : H
5-22 - Inman (1957) | do' = sinh kB (cm)
. v a
5-23 Eagleson & Dean :
(19665 p. "110) ’“??= Tesinh kh (ecm/sec)
5124 Komar & Gaughan - - ' Ei *
(1573) g - 0.563
f/\ ' Heo {%2}16
5-25  Komar ( 1976; p. 45) B - % peg-H? (ergs)
5-26  King (1972) a = 401,71 + 4.2D,~ 0.7110g E
5-27  Galvin (1968) By = oy
5-28 Galvin (l96§) Ba = T o T%

9-29 ¥*Miller et al.

(19773 p.513) e u = 3.93D%2%! for D < 0.6 cm

t*

’ (cm/sec)
5-30 **Miller et al.

(1977; p.513) u_,~ 8.23D°"% for D > 0.6 em

t*

g

. . *h
\ -- {E }0@2
tanh[ 0.0125'U

tanh(o.578£%%3}°”5)

/J5_31 Seymour (1977) Hy, = 2:283U% tanh(0.578{5%%}035).

(m)

5-32  Seymour (1977) Ty = —ZJEEE’Eanh(O.520{56%}0675).

(sec?

‘. - E*higzs
tanh[ 0.077 {U } .
tanh(0.520{&R3 0075y

FN

(min)~ T1.14T,, (hr)

5-33  Bretschneider (1966 p.141) ¢




‘ ¢
* Equation Source
. 2. I' -
5-34 © Komar(1976; p.100) t = =& *T' ln{%—} (sec)
. : "
327t ey i
°735 0 Komar(19763'p.95) ¢ =3 Ce . (em/sec)
!,“ / . .
2
5-36  Clifton(1976;-p.128) 1y = L4:8HT (em/sec)
: 2 'L+T-esinh“kh
. . 5 lu T o
5-37 Clifton(1976; p.128) zumu 7 o (em/sec)
. ' , 2 L . ‘
5-38 - Au = -21.281n(B/A) -13.77 (cm/sec) i
5-39 Silvester(1974; p.198) 6 = 2 (Temev)¥t (em)
5-40 Harvey & Vincent ! o
. =% ‘
, (19775 p.724) 2, 39 __.,(cm)
541 Harvey & Vincent
. - /T
(1977; p.722) U=/ ot + (cm/sec) |
. 1/ '
5-42 Harvey & Vincent
(19775 p. 722) U= F*{in(hzz )-1n(z )} (cm/sec)
5-43 Massey (1970; p.317) T = 0.85 U, , (cm/sec)
. ' - TU
5-4&7—~ Allen (1978; p.178) g =
(p_s-p)g-D

5-45  Allen (1978; p.178) %- A(;+ Al(%)‘+A2(%)2+A3(g—)3+A_4(-g-)'*

”



- Equation Source
| where AO - -0,079865
A, = 2.23897

A, = -18.1261
A. = 70,9001
R A, = -88,3293

5-46 Reineck & Singh

- (1975; p. 12)  TFr =.
: eon

~

5l | #%  Fp§ = 0/229 + 0.343 1lnd

®* Equation derlved by using multiple 1inear'regreséion.-
#¥#% Equations derived by usiné regressional curve fitting
( HP pfogramable card SD-034).
For additional inform@pion coneé;ning the Sourcé‘
,matérials for these equatilons refer to text. In all cases
Al

unless.otherWise stated both correlatlon coefficiqnts'and

statistical significance limits for these equations waere set at 0.95.
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CHAPTER 1
INTRODUCTION.

Problems and Objectives
The Beekmantown Group in eastern Ontario consists
of the lowest Paleozolc sedimentary succession in the area. It

-~

nonconforﬁaply overilies the Precambrian basement and underlies
the Chazy Group of Middle Ordovician age.‘The ;roup is grada—
tional from sandsﬁone below to carbonate beds above}

The objective of this study is to develop a model
for the paledenvironments of deposition in the Beekmantown
Gfdup. Constraints on the model were estab;ished on the basis
of modern‘Wave hydrodyﬁamic theory.

To construct a depositional model f;r_ph%fgroup
required integration and quantitétive correlaﬁion of data from
wi ,iy separated exposures. Maﬂor difficulties encountered in
the study resulted from the limited exposures, scarclty of
deep well data in the central basin and fhe‘complex, often
conflicting stratigraphic nomenclature currently in existence.
Recent blostratigraphical data based on conodont and gastropod

studles of the Beekmantown Group were used for correlatlion

where possible. A review of the stratigraphic nomenclature

~.

assoclated with the Beekmantown Group within the Ottawa Basin

1s necessary to asseés the origin and validity of the many
terms., The lithostratigraphy adopted in the study is considered
to be not only reallstiec in terms of regional_relationships of

the units but also valild under the regulationé of the Code of

e T 2 S ——




. _ 2
‘Stratigraphic Nomenclature (Krumbein and Sloss, 1963;“321;636).

 The study was divided into a general petroilogical

- Investigation of the group in the basin, with respect to

™~

isediment composition, sizé, shape and general textural trends.
A detailed-investigapion of the Westport-Athens district,

where good bios%ratigraphical correlatibn-and numerous &Ccéss—
ible exposureslof the groﬁp are avallable was alsp undertiken,

to determine detailed lithofacies feiationships. - -

lt. . Studg Area
The study areérzggzédes most of the outecrops of the

Beekmantown Group fognd within or adjacent to the Canadian

portion of thf Ottawa Basin. - T ;
- g

- Th basin is a well defined rectangular embayment
on the ea§tern margin of the banadian Shield craton (figure‘
‘1-1). The basin lies within the Ottawa-St Lawrence Lowland
and coéeré approximately 20,500 km*, of which.the Beekﬁantown
Group outcrops constitute 12,900 km? (Wilsor, 1946).

| The Ottawa Basin is bordered on the north by the
Laurentian Highlénds, on the west by the Frontenac Axis and on
ppe south by the Adlrondack Massif. The‘eastern boundary is °
piaced at the Beauharnois Anticline ﬁLogan, 1843; p 90) which
exposes Inliers of Grenvillian roeks and lower Beekmant own
Gfouplsiliciclastic strata between the Laurentian Highlands
and Aﬁirondack Massif (figure 1-1).

The Ottawa-St Lawrence Valley 4s covered by
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extensive thin Quaternary'glaciaiimarine deposits. The over-
burden varies from a thin veneer in the west (Chapman & Putman,
1973, p. 338-339) to thicknesses in excess of 60m in the east

N
(~ ibid,p 360). Fluvial and -marine reworking of glacial deposits

-

has produced substantial deposits of silty sand and gravel

along the Ottawa Valley and in eastern cotinties of Onfario.

7T In the Western part of the Ottawa-S8t Lawrence Valléy
the topography reflects both the generally flat-lying nature of
the bedrock dnd-the.thin Marine deposits of the Champlain Sea,
that.extensively'obscure the bedrock in-places distalzto.the
Frontenac Axis (ibid,p. 175, 336:'338).' ?5&:

Access to the study area 1is pfovided by an extensive'

network of primary and secondary roads (figure 1-2), East—west-;

7y

roads such as highways #M01 #2 2, #U3, #7 and #17 cut the

3

gently dipping strata and provide composite stratigraphic
#

sections. North— south highways such as 15, 16, 629 and "31

generally -follow the regional strike and provide laterally

equlvalent exposures of the strata.

Previous Work

The Beekmantown Group has been studied since early,
in the 19—~ century, resulting in a var%ety of stratigraphical
interpretation and theories concerning its origin. Comprehensive
summaries of previous work were glven by Chadwick (1920)
Lewls-(1965) and Clark (1966) and this is further summarized-

here.
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The earliest report oq}the Beekmantown Group was

that of Amos Eaton (1824), who named the siliciclastic and

'carbonate rocks surrounding and overlapping the Adirondack

i )

Massif the ‘Calciferous Sandrock- Emmons (1838, p. 214-215)

.separaﬁed the basal sandstone from the Calciferous Sandrock and

renamed:"it the Fotsdam Sandstone phese units were soon mapped

into Ontario (Murray, 1849) and Quebec (Marcou, 18623'p: 241~
242, 24k, 249), 0 ' "
.- Chapman (1864, p. 186-190) divided the Potsdam Group .

ih'southwestern Quebec into the Kaministiquia Formation

A{consisting of sandstone and sandy carbonate strata) and.the

Beauharnois Formation (carQenate strata). Attempts to flirther

divide the Calciferous Sandrdck occurred when Bralnerd and,

Seeley (1890;a,b) divided the Champlain Valley section into.

Divisions A to E. Clark and Schuchert (1899) recognlzed a major

"unconformity between Divisions B and C (Brainerd ahd'Seeley,

-

1890; a,b) coinciding with the Cambro—OrdgE;cian boundary. . -

Divisions C. to E were named the Beekmantown Dolomiﬁe.‘Cushing
(1901) separated the alternating sandstone and dolomite beds

from the Beekmantown Group in the wesﬂan Adirondacks, naming them

the Theresa Formation (Cushing; 1905,'1908) and correlating them

with Division A of Brhinerd and Seeley's (1890) section
(Cushing, 1911). The Cambro-Ordoviéianlboﬁndary was consldered
b& ﬁlrich and Cushing (1910) to lie between the mlddle of DIvision
A and the base of Divikioﬁ C of Brainerd'énd'Seeley (1890) :
sectlon, ‘ ﬁ

’

Raymond (1913, p. 137-162) applied the names Potsdam,



Theresa and Beauharnéis Formations in Ontario and Quebec. The

Theresa Formation was considered in part to be reworked

Potsdam and/to

rom the Potsdam Formation by an
unconformlty at the Cambro-Qrdevician boundary. The Theresa
and Beauharnols Formations, pPpased on the occurrence of

Ophileta éomplanata‘and Pleuretomaria canadensis were

considered to be Ordovician énd were correlated with the
ﬁeekmahtown Dolomite in the Champlain Valley. The Beauharnois
was considered by Raymond to be disconformably overlain by the
Aylmer Formation of the Chazy Group, considered Middle
Ordoviclan 1in age. ' ‘
Chadwick (i915,‘n. 289) divided hhe transition hhds
: v ‘

in the northern Adirondacks into the.Theresa Formation, a -

middle siliceous sandstone named the Heuveltion Sandstone and

an uppeh mixed bed named the Bucks Bfidge Fo&mation, that was

considered to be unconformably overlain by théd Ogdensburg

Formation dolomite beds. The Theresa Formation and Heuvelton

“Sandstoﬁe were consldered to be sépargted by an unconformity

v

hat corresponded to the Cambro-Ordoviclan boundary. The Buck

ridge Formation was consiaéred to disconformably overlie the
g 1ably

Heuvelton Ségdstone and on the occurrence of Palgéophycus

beverleyensis was correlated with the lower Beekmantown

strata. The Ogdensburg Formation was correlated with the upper

Beekmantown strata. Chadwick (1920). renamed his upper Potsdam

(Chadwick 191;}\as the Keeseville Sandstone suggesting that

the Keeseville was separated frdm the typlcal Potsdam by an

unconformity.
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Wilson(1946, p. 10) comBined the sandstone formerly
designated in the reglon as the Potsdam with the:. lower beds
.of Raymond's Theresa Formation and named them the’NeEean '

Formation (figure 1-3). The upper'strata of Raymond's (1915)

< KﬂTheresa'were renamed the March Formation and the Beauharnois,

renamed the Oxford Formation The renaming<;f the strata was
Justified by Wilson primarily on biostratigraphical grounds.
The Nepean was introduced to obviate the consideration of a
variously placed contact between a possible Cambrian and an
Ordovician formation (Wilson, 1946; p. 10) The March Was
“introduced to replace the name Theresa on the grounds that the

Theresa Formation in New York  had been redefined and restricted

to an Upper Cambrian age while the March strata were considered

to be Ordovician in age (Wilson, 1946; p. 17). The Marech and

Oxford Formationsi containing OEhileta and Eécliomphalus

faunaS, were correlated with- the lower Beekmantown strata The -

,Rockcliffe Formation of the Chazy Group was considered to ',
'disconformably overlie he-Oxford Formation. The formation was

correlated with'the position of Camgrotoechia plena in the

upper Chazyian strata of the Champlain Valley (Cooper, 1956;
chart 1).

. Clark (1966) divided the Potsdam Group in southwestern
Quebec into the basal Tovey Hill Formatilon and the Chateauguaz

EEEEQE%%E (figure 1-3) placing an unconformity between .them.

Th%\Beauharnois Formation, consisting of the St Clothide,

Huntington and Sainte Lin Members was assumed to uncenformably

. overlie the Cambrian age Potsdam Group and was considered to be

R b A ——— e Y, o "
— §,
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Lower Ordovlcian in age.

Fieher-(195h) edvocated abandoning the name
Beekmaﬁtown unless it was restricted to Middle Canadian age
strata; the only known rocks of Canedian age outcropping in the
vicinity ef Beekmantown County, New York. The Potsdam‘and
‘Theresa Formation were considered by Fisher (1955) to be both
conformable and diacﬁroﬁoﬁs around the Adirondack Massif. Based
on-trilobite faunas the upper Potsdam and Theresa Formations
were.consideqed_fp be Middle Cambrian (Dresbachian Stage) in
aée_ near Saratoga Spring, but Early Ordoviclan (Gascondlan
Stage) in age 'in the vicinity of Alexandria Bay, New York.

_ Fisher (1956) also found evidehce for inteffingering of the
Keeseville and-typ;cal Potsdam; he rejJected the ldea of an
unconformitf separating'them and consequently doubted the }

© validity of using the term Keeseville Formation. The Potsdam

Format;gg_in the Plattsburgh district, New York was divided ~=

4nto three members (Fisher, 1968), the Basal member, Ausable

and Keeseville Members (figure 1-3).

_ Kirchgasser and Theokritoff (1971) redefined the
transition beds in the northern Adirondacks. The transition beds

- were.rehamed.ﬂ“*Bucks Bridge Formatﬂen, containing the Theresa,
'HeuveitCWIand Bucks Bridge Members. The Theresa Member was
considered to be a tongue of the Theresa Formation from.the
western Adifondacks and the member was restricted to the
extreme southwestern part of the Ottawa Basin. Kirchgasser and \1
Theokritoff (1971) did not determine whether the Heuvelton

Member conformably overlying the Theresa Member was a continuous




i1 -

bed or lensoid. The Euéés Bridge Member cenformably overlies the
Heuvelton Member and was conformably overlain by the Ogdensburg
Dolomite (figure 1- 3). '
Greggs and Bond (1971,1972; Bond, 1974; Bond and

Greggs, 1975,19769 attempted to revise Wilson's stratigrephy“an
Ontario to take into accoun; assumed unconformities in the ’
" sequence (figure 1-3). The Nepean{%ormation was correlated with
1the Upper Potsdam Formation of Kirchgasser and Theckritoff (1971)
(Chadwick's (1920) Keeseville Formation) and was considered to

be separated from the typical Pot sdam Formation by an
unconformity. The March Formation was considered to unconformably
overlie the Nepean Formation. Based on conodont assemblages, the
-March. was considered to be Tremadocian in age (Greggs and Bond,
1971, 1972, 1977; Bond, 1974).The Oxford Formation wyfh an |

Areniglan cecnodont assemblage was considered to discpnformably

overlie the March Formation (Bond, 1974; Bond an Greggs, 1976;

figure 1-3). &
Yochelson and Copeland (1974) foun gastropods within
the Oxford Formation in Ontario and considered them to be Late
Canadian in age (Cassinian Stage). Fisher (1977) suggested the
existence of gz significant intraformational disconformity wiﬁgin
the Ogdensburg Formation based on the apparent absence of a
Jeffersonian Stage fauna.

Breﬁa and Rust (1977 a,b) found the Nepean [ March
formational boundary to be conformable’ near Ottawa, where bofh

the Nepean and Marech contalin conodonts of Fauna D {lower Arenig; .

Barnes-'et al., 1976; p. 222). Recent studies of the March and

¥
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Oxford Formatilonal boundary (March Member of Bucks Bridge
Formation and Beauharnois Formation) show 1t to be diachronous,
changing from Fauna C (Tremadocian) near Brockville to Fauna D
(Arenigian) near Ottawa (Brand,¢1976' personal communications).

Samples collected between Westport and Athens (locations 33, 43,

48 and 56) show no distinguishable age difference (Fauna D2/D3;

Brand 1977; personal communications) between the March andA
Oxford Formations. : . ' -
Preliminary conodont studies of the'Oxford—Rdckcliffe
formational boundary in the Arnprior, Cumberland and Montreal
vicinities have shown that conodonts of Fauna 4 transgress the
boundary (Whiteroeckian Stage, Bdrnes et al, 1976, p. 222; Brand,
1978; personal cémmunications)‘ The conslistency of this
trangression at all locations suggests that therboundary is_
marked- by either a minor diastem or is predominantly conformable
wilthin the Ottawa Basin, Preliminary conodont studies of the
Beauharnois andChateauguay Formations in Scuthwestern Quebec
by Sandi (1978; personal communications) showed the Beauharnois
Formation (Clark, 1966) to have a similar age range as the
Oxford in Ontario (Fauna D to 4). The Buisseau. Norton Member of
the Chateauguay Formation showedz1éim;1ar age as the March

Formation at Brockville-(Fauna C).

e e e - - ——— e e e




N CHAPTER 2 ‘
STRUCTURE OF BASIN g

General Deseription

13

The deposition of the Beekmantown Group was Influenced
by the st;uctural configuration of the Ottawa Basin. Hence, the
structural development of the basin must be appreciated fo¥» an
understanding of the evolution of lithofacies.

The Ottawa Basin is a rectangular structural depression
infilled by Paleozoic and Hadrynian strata (Hofmann, 1972: p. 4).
The generally horizontal strata within the b%:indsre disrupted
by a well developed aystem of east-west trending normal faults
that are associated with the northeast trending St Lawrence
Valley fault .system (figure 2-1).

The 8t Lawrence Valley has long been regarded as the
site of a graben system termed the St Lawrence Graben (Laflamme,
1908; Gregory, 1929? Keith, 19303 Hodgson and Doxes, ,1930).
associated,;generally east-west fault system called the Ottawa- ;
Bonnechere-Graben (Kay, 19H2) occuples the northern edge -of the
Ottawa Valley and joins the St Lawrence Graben near Montreal
Kumarapeli & Baull (1966) and Hodder & Hollister (197&)
presented additicnal geological, physlographical and geophysical

evidence to substantiate the existence of major grabens in the

area. - ' ' t

:; ) Although the time at which the graben systems were

initiated is uncertain, radiometric dating of Pseudotachylites

from faults near St Alexis des Monts, Quebee (Philpotts ang Miller,

) ' ol

B
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1963) suggests a possible late Neohelikian age (975 s HS million
years). Dates from carbonatites and igneous intrusions along the
western part of the Ottawa—Bonnechere Graben system suggest
continued instablliity ocecurred along the system from Middle-
Cambrian to Early Cretaceous time (Gittins et 2l,1967; Hodder

and Hollister, 1974; p. 45h),

St Lawrence Graben

.

The St Lawrende Graben sectlon of the Ottawa Basin is
‘larger and less well defined than the Ottawa—Bonnechere Graben.
The former is recognizable only through diﬁcontinuously\exposed
faults and lineaments shown on air or satellite photos.

The northern boundary of the graben is marked by a
fault extending from the Beauharnois Antioline west to the
Gloucester Fault. Intermittently exposed faults connect &his
Jfault to the Rideau Lake Fault that extends across the Frontenac
Axis (figure 2-1). This fault system is traceable for at least
280 km. Wynne-Edwards (1967) postulated that movement along the
Rideau Lake Fault initiated as a strlke slip of unknown extent.
. The occurrence of Potsdam Formation OVerlying and in other
lplaces cut by tne fault suggests several reactivations.
Brecclated Oxford Formation at Narrow Lock was attributed to
- Lower Ordovician movement of the fault (Wynne—Edwards, 1967;"
b, 87) | '

-The southern boundary of the graben is marked by a

A

series of north dipping normal faults and linear features along

-
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‘the Adirondack Massif (Isachsen, 1974). The northern series of
faults extends from the Black Lake Fault tKirchgasser and ‘
Theokritoff, 1971) inrthe west to the Stockwell Fault (Clérk,
1966) in the east, by a series of linéar features. Numerdus‘
_paral}el faults'to the south possibly represent antifhetic and
synthetic faults associated with the grabén (H11l1s,1972; p.190).
Based on the distance separatiné‘the Rideau Lake-Central Valley
Faults and the Black Lake—Stoékwell Faults the graben's minimum’
width ranged between 45 and 78 km, with a mean distance of 60 km.
. The amount of subsidence in the St Lawrence Graben is
uncertaln due to the séarcity of deep well data within the}
y central portion of the basin. Well data and field measurements
suggest that the Potsdam Sandstone Zlong and east of the -
Beauharnois Anticline ranges between 517 m and 760 m thlckness ‘
(Clark, 1966; Lewis, 1971; p. 857) while the Beauharnols
Formation is rep&rted to range between 305 m and U432 m (Belyea,
1952, Clark, 1952). In Ontario well data from Laggan and
Mc Crimmon Corners (figure 2-1) ghow the minimum post-Potsdam
thickness 6f‘the Beekmantown Gfoup to be befween 270 m and 400 m.
At Williamsburg the minimum post-gotsdam thicknesé,of the
Beauharnoils Formation i1s 220 m (Bond and Gggggs, 1976; p. 22).
Uplift along‘thefﬁrdntenac Ax1s has resulted.in the erosion of
the Beekmantown Group east of Iroduois, ﬁaking the estiﬁation\
of the degree bf.subsidence-during deposition of the group there
impossible. In the vicinity of Rideau Lake occurrence of the
‘lower members of the Potsdam Formation (Dugas, 1952; Wynne-Edwards,

1967) suggests that the complete Beekmantown Group extended at

-
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least-as far:-west as the Frontenac Axis.

Ottawa-Bonnechere Graben

The Ottawa Graben is berdered on the north by the
Grenville and associated faults that separate it frpm the
Laurentian Highlands and on the south by the Central Valley
Fault that parallels the edge of the Laurentian Highlands. The
Graben varies from 15 to 35 km in ﬁiéth and 1s traceable from
Lachute, Quebec to Russell, Ontario where 1t terminates at fhe

Gloucester Fault. West of the Gloucester‘Fault the Bonnechere

Graben trends northwestward, leaving the Ottawa Basin near

Renfrew and continues as a system of fault blocks (figure 2-1).
Well data indicate that the floor of the Ottawa Graben

dips southward, feadhing depths in excess of 900 m in the

- Russell area by Upper Ordoviclan time (Beard, 1969; p. 46). Kay

(1942; p. 610) estimated the rellef between the top of the A
. ‘ L
Laurentian Highlands and the floor of the Bonnechere Graben to

be Qf the order 6f'300 m.

Frontenac Axis

The date of initial uplifting of the Frontenac Axis
has been for sometime-a matter'of conjecture. Occurrence of the
Potsdam Formation on both sides éf the axis and of isoclated
outllers across 1t has been considered by some workers to be

evlidence for the absence of a land barrier prior to the Lower
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, Ordovician (Bond, 1974; p. 4). Others have noted the distribut-
ion of outliers in bands élong depressions across thé axis
(Wrig?t, 1923) or of paleoccurrent deflectlions in areas adjééent
to the axis (Lewis, 1963), which suggest some form of/barrié;
contemporanéous with deposition. Conocdont studies (Brand, 1977;
.personal communications) suggest that'th; tengulng of the Theresa
Formation into the basin over the southefn edge of the Prontenac
Axls occurred during the Gascogian Stage. Qutliers in the
Westport-Athens district (chapter 6) show . 1solithic continuity
wlth the Jeffersonlan Stage basin strata, suggestirig that uplift
along the Frontenac Axis was initiated‘in the south and-

S

continued throughout most of the Lower Ordovieian.

Beauharnois Anticline

- The Beauharnois Anticline (Logan, 1863) extends from
the Laurentian Highlands to the Adirondack Massif as a broad

' structural ridge at the eastern limits of the Ottawa Basin.

Only in the upper strata of the Potsdam Formation do shallow

water sedimentary features such as desiccation cqacks,_paieo—
current deflection patterns and small scale ripples and cross
stratificatlon occur (Logan, 1863, Lewis, 1963, Clark, 1966)
that may indicate early -uplift of the anticline. Within the
Keeseville Member (Cairnside Member) Clark (1966; p. 24) found
locad evidence of Sub-aerial exposures, represented by an

interformational disconformity.

During most of the. Beekmantown Group deposition the
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Beauharnois Anticline appears to have been a low Intermittently

exposed shoal separating the Ottawa Basin sea fﬁbm the Apetué

Sea (Keppié, 1977; figure 1, p. 31) to the east.

Folding ot

Iﬁtefvals of instability.along the Fronteﬁac Axis and
southern Beauhgrnois Antlcline during the Lower Ordovician are.
evident from gently folded strata or local diastems within the
Beekmantown strata. |

Along the Frontenac Axis in the vicinity of Rideau
Ferry.(location DW-9) an'intraformational angular unconformity
occurs within the Keeseville Member. South of Kemptville, at
the junction of Oxford Road and Highway #16 smal1 open folds Qf?
Beauharnols stratg are draped by ad]Jacent beds. Conodont studies
.(Brand, 1977; unpublished data) show the-section at thils location

tofbe conformable and of Arenigian age.

~
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CHAPTER 3 |
STRETIGRAPHIC NOMENCLATURE OF THE B NTOWN GROUP

Beekmantown Group

The term Beekmantown Group as used in New York State pr}or

to 1977 (Fisher, 1962a,b; Fisher and Hanson, 1951; Flagler, 1966;

Richard, 1973), was restricted to the strata of Lower Ordovician

a

age beneath the supposed disconformity at the base of the Chazy
¥

Group. As such the Beekmantown Group was a ;5thostratigraphic

unit‘with a biostratigraphic loéer boundary (Cambro—Ordovician
bgundary),'éontrary to articlg 44 of the Code of Stratigraphic .
Nomenclature (Krumbein and Sloss, 1963; p. 625). Fisher (1977)
extended the lower boundary of the Beekmantown Group to include
the Keeseville Member of the _Pot'sdam Formation. Without conclusive
evidence of a_majo; disconformity at or near the assumed Cambro-
Ordovielan boundary or within the PotsdamiFormgpion withiﬁ the

Ottawa Basin, the entire transitional sequence.from sandstone

" resting nonconformably on the Precambrilan basement to carbonafe

underlying the Chazy Group, has been termed the Beekmantown Group

for the purpose of this report.

" The sporadic/distribution of” exposures in different polit-

_ical regions has resulted in the establishment of three .main

schemes for stratigraphic subdivision of the Beekmanﬁown Group

(figure 1-3) within or flanking the Ottawa Basin. The mcét appro-
QN

pzzste terminology appears to be a combination of these schemes.
T

sequence adaptedhin thils report consilsts of four'formations;

thngctﬁﬁam, Theresa, Bucks qgihge and Beauharnols Formations.

R N




» 1849). As .a result the term Potsdam Formation as employed by

Formatdon. The Potsdam, consisting primarily of'arkose,"guartz

'overlies ‘the Precambrian baSement and conformably underlies the

21

Potsdam Formation

Wilson (1946) introduced the term Nepean Formation
to replace the Potsdam and lower Theresa Formati&ns of’ §a§a;nd
(1913) Justifying the change on the grounds that it "...
obviatee the consideration of a variously placed, doubtful
contact between a possible Cambrian and an ovieian formation”
(Wilson, 1946; p. 10). This however does not justify the
replacement of a*formational name that at the time of

1htroduction was‘ba;ed on lithbstratigraphical grounds (Murray,

Filsher (1968) is here used.
The Potsdam Formation within the Ottawa Basin non-
conformably overlies the Precambrian basement and is conformably

overlain by the Theresa, or in its absénce, the Buck Bridge_"
arenites and quartzwacke (Pettijohn et al, 1973; p. 162-172) (~ :
strata occasiqnal;y interlayered with oligbmictic.conglomerates,
represents the lowest formation of the Beekmantoﬁn Group. The

Potsdam 1s divided into the Basal member, Ausable and Keeseville

Members.

Basal member - .

The informal Basal member(Fisher, 1968) nonconformably

Ausable Member. The upper boundary ‘is taken to be below the

highest continuous o;burfegcedif hematitic arkose or 1ithie’ sub-—

A




,erate'(Lewis,_1965;‘appendix 1). Exposures of the Basal member

arkose.

The Basal member consists of réd (3R8/2 to SR3/4) .
hematite-rich arkose, lithic subarkose and 1lithle subarkosic
wacke, with isolated Brﬂnquartzitic or,feldspathic paraconglom-

-

within® the Ontario-bor%ion of the Ottawa Basin are scarce and
occur-primarily glong tﬁe Frontenac Axts. Dugas {1952) described
a 24 m section of feldspathic polymictic conglomerate cemented

by carboﬁﬁte\slong the eastern shore of Rideau Lake. The clasts

consist of metaquartzite, granite, diabase, pegmatite and

Dugas (1952) considered the unit to'be post-Grenvilllian and pre-
Népean in age. A few kilometers south red hematltic arkose and

feldspathic polymictic conglomerate chur sporadically, that

.mofe typically resemble the Basal member of Fisher (1ogation

63; Wynne—Edwérds,1967; p. 120).

The Basal member‘is.commonly exposed in southwestern.
Quebec, along the southern edge of the Beauharnois Anticline
(Lewis, 1965; Clark, 1966; Hofmann, 1972) and the .northern edge
of the Adirondack Massif (Chadwick, 1920; Wiesnet, 1531).
gimilarly in the few deep'wells that reach or almost reach
basement (Mallet wells, in Lewls, 1965; Russell County well in
appendix 1) the presence of the Basal member appéars to indicate
that.thé member at- one time was extensive in the basin. Several
studies of the Basal member (Lewis, 1971; p. 874; Hofmann, 1972;
P. Hb have concluded that the member was deposited in an

alluvial plain environment. Eastern oriented trough cross strata

-\

]

A

marble fragments with orthoclase, microcline and quartz crystals.’
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(Hofmann, -1972; p. 4, 18) s ges£ the existence of a low-
gradient eastward paleoslope for the deposltion plain_in the
vicinity'of-Montreal (i1bid; p. 18). ’

The member is éorreléted witﬁ the lower part of‘
Chadwick's (1920) typical Potgdam'in New York *State and'with
Clark's (1966) Covéy Hill (restricted) Member of the Covey Hiil

Foermatlon in Quebec.r

Ausabie Member

~

The Ausable Member conformably overlles the Basal

member « of the'Potsdam Fcrmafion, and conformably underlies the
Keeseville Member'of the same forﬁation. The upper boundayy is
placed below thé lowest continuous occurrence of quartzitic
sandstone. The Ausable Member'consists‘gf arkose and subarkosic
wacke in grey (N7 to N8),‘greéﬁ (5@9/2) ang pink (SRS/Z)
coloured laminae and 1enses._ ‘ '

Lewis (1§65) found the Ausable Member :j Egihetero—
: genedﬁs'in its maturity and composition and to show wide -
vériaéion in colour and graiﬁ_sizes. The argillacebus_c&ntent
vartes from a‘trace to 50 %, the amount increasing wlth depth.
ﬁewis attributed the 1ncrease iﬁ argillaceous content to
deéomposition of feldspar .grains, Which increase in abundance
with depth. Inloﬁ;;;zsfﬁrill cores from Me Crimmon and Russell

show the member to consist of"alternéting laminae of pale green

(5G972) and greyish pink (5R8/2) subarkose or subarkosic wacke.

Clasts range from medium to fine sand size within the greenish '

N

.
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laminae and from fine sand to silt size within the pink laminae.
The grain size and regularity of the laminae increase westward.
Lithologicglly similar sandstone was described by ‘
Logan (1863, p. 3), Wiesnet (1961, p. 7), Lewis (1965),_Clark
.(1966) and Fisher 61968) from locations fringing the northern
and eastern edge of the Adirondacijassif, along the Beauharnois
Anticline and in a single cutcrop north of Portland‘by the
‘shofe of Rideau Lake (Wynne-Edwards, 1967; p. 129).‘Based on
d§§tribution of exposures and occurrence in deep wells, the

0 e
Ausable Member appears to represent a major sandstone body

1

that exéended across- the Ottawa Basin and around the Adlrondack
Massif in the past. - )
i Such features as thin'aifernating laminae of silt andf/
fine sand,with regular colour changes associated with rippleh
bedding (appendix 1) are'characteristic of modern prodelta
envifénmentq (Reineck and Singh, 1975; p. 273). The olcurrence
of a delta front environment that retrograded during an
rOrdovician“or Cambrian transgression,ls consistent with the
" facles sulte relationship suggested‘for the Beekmantown Group.
The Ausable Member is considered to be equivalent to
the upper beds of Chadwick's (1920) typical Potsdam 1n New
York Stateé and to Clark's (1966) Rividre aux Outérdes Member

of the.ngéyLHill Formation in Quebec.

-

Keeseville Member

The Keeseville Member sonformably overlies the Ausable
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Member, or in 1ts absence, nonconfcrmably overlies the Pre-
cambrian basement. The member's upper boundary 1s placed at the
first coptinuous unit of sandy dolemitized blomicrite of the
Theresa Formation, or in'its acsence, quartzose sandstone.of the
Bucké Bnkk@iFormégzcn

The Keeseville Member consists predominantly of
quartzitic sandstone with isolated sporadic occurrence of
fe}dspathic arenite, quartzose sandstone and- hematitic quartsz
arenite. Graln size varies from silt to boulder size (—10¢ to

l4) with most gralns being within the fine sand slze (2¢ to 34)

4 ¢

range. Grain s&ze, sorting, colour and quantity of accessory .
minerals varies dramatically ever short vertical and lateral
distances. Metaquartzitic clast oligomictic or polymictic
conglomerate occur where the member rests on steep sloping
reslstent Precambrian basement. Minor conglomerate. also occurs

as bed load deposits within channels.

Within the study area the Keeseville Member 1s exposed

" on the west side of the Ercntenac Axis between Kingston Mill

and Loughborough Lake, Pitts Ferry(lot 32, concession II,

Pittsburgh township, in county of Frontenac), Brown's Bay

(location 10)and as isolated outliens across the Frontenac Axis.

. 4
Similar quartz arenite has been reported along the northern

Adirondacks (Cushing, 1905, 1908, 1916; Cushing et al, 1916;
Chadwick, 1920;‘Wiesnet, i961; Lewis, 1963; Sahakian, 1963),
along the Beauharnoils Anticline (Logan, 1861, 1863; Wilson, 1946
Clark, 1952, 1966; Hofmann, 1972) and'west of the Frontenac Axis

(Keith, 1949). The member is found in the subsurface throughout




the basin. . ' .

The Keese&ille Member 1afgonsidered to be equilvalent
to Clark's (1966) Cairnside Member of the Chateauguay Formation
in Quebec and to most of the Nepean Formation of Wilson {1946}~

in Ontario,.

/
F)

Theresa Formation

~

The Theresa Formation coﬁformably overlies the
Keeseville Member of the Potsdam Formation, or in its;absence,'
nonconformably overlies the Precambrian basement. The upper
boundary‘is conformable with the overlying Bueks Bridge Formation.
The upper'boundary ié placed at the lowest limit of_ndncontinuous
greylsh blue or bluish.grey'(5P86/2 to 5B5/1), dolomitized,
argillaceous, sandy biomicrite or quartzose -sandstone.

Cushing (1908, p. 160-161) described the Theresa in
its type éfea (Theresa, New York State) as a hard,‘tough, bluisp
grey sandy délbmite, which quickly weathers to irom-stained sandy
crusts: The formation 1s chiaracterized by the occq;?gnce of
large calcite grains which have a "... satiny lustéf,.:owing to
the inéluded sand grainsu" (114> P- 160). The formation waslalso
reported to contain large Lingula, abundant gastropods, occasional
cystold plates and freguent fucoidal markings on the surfaces of
some layers. -

Kirchgasser and Theokritoff (1971) considered the
Theresa Fbrmation within the. Ottawa Basin to be a tongue of the
Theresa Formation west of the Frontenac Axis,‘and that the

formation in New York State was restricted to the southwestern

! -~ ]
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corner of the basin. In Qntario, outcrops of the formatibn
extend as a narrow band élong thé St. Lawrence River from Brown's
Bay to Brockville and as far north as Athens. In the subsurféce
the Theresa is not found at Smith Falls, Ruéséll, Me Crimmon or
Laggan, suggesting a restricted extenéion of thg formation into
the southwe;tern corner of the basin in Ontaric. -

Within the study area, the Theresa is characteristic-
ally a greyish blue (5B6/1), dolomitized, very fine to finé,
quartzose sandstone that weathérs to a greyish orange colour
(10Y5/2 to 10YR6/2) to depths of 1 or 2 cm. Bioturbation ranges
from moderate to extreme, commonly destroying the primary
sedimentary structures. Fragments of brachiopods and gastropods
are common. Both flaser and lenticular bedding are common.

The Theresa Formation is lithologically similar to
Kirchgasser and Theokritoff's (1971) Theresa Member of the Buck
Bridge Formation in New York, the upper part of the Nepean and
1ower part of the March Formations. of Wilson (1946) in Ontario
and the Lower March Dolomitic Sandstone of Greggs and Bond (1971)
in Ontario (figure 1-3).

Bucks Bridge Formation

The Eggg Bridge Formation, consisting of the lower
informal Heuvelton member and the March Member, éonformably
overlies the Theresa Formation, or Potsdam Formation, or, in
their absence, nonconformably overlies the Precambrian basement.
The‘upper conformable boundary with the Beauharnois Formation

is placéﬁ above the highest visible contlnuous occurrence of
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quartz sand grains disseminated within the carbonate litho-
fgcieé. The Bucks Bridge Formation includes most of the sand-
stone’ to carbonaﬁe transition strata of the Beekmantown Group
within the basin

The Bucks Bridge Formation is correlated'with the
Bucks Bridge Formation of Kirchgasser and Theokritoff (1971) in

New York State.

Heuvelton member

The Heuvelton member consists of a wide variety of

discontinuous .beds of fine grained quartzose and quartzitice
sandstones, or, where cverlying the Theresa Formation, discont-
inuoué or alternating beds of bluish grey, dolomitized, argill-
aceous, quartzosé sandstone and grey quartzitic sandstone,
becoming increasing — quartzitic towards the central part of
the member. .
The lower boundary of the Heuvelton member is placed
below the highest occurrence of continuous quartzitic sandstone
of éhe Keeseville Member, or, below the highest continuous
occurrence of blulsh grey argillaceoﬁs sandy biomicrite or
quartzose sandgtoﬁe of the Theresa Formation. The upper boundary
of the Heuvelton member 1s placed below the start of quartz

sand graiﬁs suspended within the carbonate stréta of .the March
Member. .

Although stratigraphically correlated with the

Heuvelton Member of the Bucks Bridge Formation of Kirchgasser
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and Theokritoff (1971), the Heuvelton member is Insufficiently
exposed to be directly traced to the New York type areé In
addition, uncertainty as to whether or not the Heuve%}on member
is lensoid ) makes direct extension of the member into
Ontario at this Fime Questlonable. As a consequence Fhe informal
member status is used here. The member is correlated with the
Ruisseau Norton Member of the Chateauguay Formation in Queﬁec.

(Clark, .1966)..

March Member

The March Mémber conformably overlying the Heuvelton

member consists of the strata in which quartz sand grains are _
visibly disseminated within a carbonate lithofacies. The . upper -
boundary is placed above the highest visiblj éontinuous strath
of quartz sand grains 1n‘carbonate strata.

' - The member outcrops in many places within March
‘township and‘consists of the upper strata of Wilson's (1946)
March Formation. Té; March is equivalent to Kirchgasser and
Theokritoff's (1971) Bucks Bridge Member and Clark's (1966) st .

Clothide Member of the Beauharnois Formation in Quebec.

@

Beauharnois Formation &;_

F

The Beauharnois Formatiqn conformably overlies the

Ricks Bridge Formation, or 1n its absence, nonconformably over- .
lies the Precambrian basement. The upper boundary is placed

below the sharp and in pPlaces irregular, .but apparently

Bl
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conformable boundéry with the Rockcliffe Sandstone.

The Beauharnois Formation conslstts primarily. of thin
beds of grey (N3 to N6) dolomitized pelmicrite and biomicrite
that weatherstozuyellowish brown (10YR6/2) colour. Lower beds
of the formation show smooth_a%gal_mat laminae and bulbous
stromatolitic beds, alternating with laminated to bioturbated
pelleted micrite or dolomicrite beds. Higher intervals.ere
dominated by medium to thick beds of laminated micrite or-
dolomicrite and unlaminated homogeneous, unfossiliferous
dolomicrite beds. The.carbonate bede‘contagnua very high
dlsseminated mud content and‘afe often interlayered withfdark_
coloured (N2 to Ni) shale laminae that increase hp the section
(appendix 1). Vugs of sparite, dolomite or‘quartz are common
throughout the formation, while the degree of dolomitization
increases away from the northwestern corner of the basin.

The Beauharnois Formation is equivalent to Raymond'
(1913) Beauharnois and Wilson's (1946) Oxford Formations in

Canada and Chadwick's (1915) Ogdensburg Dolomite in New York

J'_'
-

State.
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7\ ‘ CHAPTER 4
| PETROLOGY: TEXTURAL TRENDS

Methods " -

bw

Textural analysis of the quartz arenite sand fraction
(greater than by size) was conducted primarily by direct sleving
techniques Two kg chip samples with hand‘samples used for
detalled description were collected‘from 295 beds at 97 locations
(appendix 2) within the study area. Only 3 % of the‘samples were
found to be sdfficiently consollidated that disaggregétion of the
oamples for-sieving was impractical. Under such conditions the
grain size parameters were studied in thin section and corrected
to sieve parameters (Friedman, 1962; appendix 4).

" Prior fo disaégregation samples were separated baoed
on their reactlon with dilute hydrochloric acid. Quartzitic
sandstones were broken down to -3¢ size aggregates. A split .
sample of 50 to 70 gm was then carefully disaggregated and .
sieved’ between -3¢ to 4¢ sieves at 3¢ intervals by the procedure
outlined by Folk (1968; p. 34,35). Grain breakage and aggregates
were limitod to 5 % or less {(by grain count) for each sieve size.
Aggregates below 3¢ size were found to be too fragile to be *
disaggregated without grain breakage exceediné the 5% limit. \

As a consequence, the very filne sand grains were not "disaggregated

and a sllightly negative skewness may exist in some samples,

Estimates of the pan fraction carbonate content were determined
;by weight loss of 2 to 5 gﬁ\of the sample after treatment in a

heated hydrochloric acid bath. Samples reacting with dilute

hydrochloric acld were broken into -3¢ 1in slze aggregates.
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Between 200 and 300 gm were then placed in a hydrochloric acid
bath and processed as outlined by Folk (1968; p. 17,18). Both
inclusive (appendix 3) and moment (appendix lU) analyses were
performed on each sample.(Folk, 1968; p. 45-48).

Grain size anaiysis of 10 pan fractions was per-
formed on samples’representing the Potsdam (Kéeseville Mb . )
Theresa, Bucks Bridge (Heuvelton mb. and March Mb.) and
Beauharnois Formations. Sizg analysis was obtained by means of
" a EEL photoextiﬁction sedimentometer using the methdd outlined
with 1ts 1instruectlion manual (appendix 5).

Calcu;ations used in this study were pérforméd on
Hewlett-Packard programmable HP 67/97 calculators. Where
péssible preprogrammable cards from HP Standard Pac or Stat
Pac I were employed. Unless otherwlse stated, correlation coef-
ficients and statistical significance limits were set at Q.95.

Appendix 1 shows the drill log of fihe Russell County
weil core (Beard, 1970; p. 165; Consumer Ggﬁpsz%pany well,
Corisumer 1632}) stpred at the Geological Survey of Canada,
Ottawa. Lithologlcal terms adoﬁfed for the log and text are
defined under table 4-1. Colour codes used within the texts and
* log were those given in The Geologlcal Society of America, Rock
Colour Chart (Goddard et al, 1970). Carbonate textures are
defined under Wilson's (1975; p. 64-69) standard microfacies
(SMF) coding system. Major standard microfacies found in the
study area are defined in appendix A2,

< Due to the size of the appendices they have not been

inecluded within the text. COpieS of the appendices are avallable

-
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TABLE 4-1
LITHOLOGICAL TERMS ADOPTED FOR STUDY

Siliciclastic Litholofacies'

-
-

: The siliciclastic lithofacies in the Keeseville Member of
the Potsdam, and 1n the Theresa, Bucks Bridge and Beauharnois \ 7
Formations consist, with few exceptions of a fine quartz arenite,

Classification of the quartz arenite was subsequently based on

-matrix content, or ceméht type. Composition of sandstone cement

was based on the reaction of the rock to dilute (10%) hydrochloric
aclid solution,
£
Arkose: éé%dstone with cver 25% feldspar, with feldspa; exceeding
rock particles. . .
Subarkose: sandétone,with 5 to 25% feldspar, with feldspar%exceed—
'1ng rock particles.'
Quartzitic sangstone: quartz arenite with a silica (or non-soluble)
-_cemenﬁ. .
Quartzose sandstone: quartz arenlte with a non—siliéa (éoluble)

cement. 4

Quartzwacke: quartz afenite wlth greater then 10% argillaceous

e material and under 10% unstable mineral constiﬁuents.

Mud: insoluble pan fraction. . f

Carbonate Lithofacles

. 3 s
No thin sections of the Russell County drill core are

currently available and as a result estimation of carbonaﬁe
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.. TABLE 4-1 (continued)

¥
types and abundance was based on thg,reactﬂpn'of the samples
to a dilute (10 %)\hydrochloric‘acid éolutién.oThe Béauharnois
Formati;n consists primarily of various micrites, dolomitized
miérifes and dolomicrites (Folk;.1968; p. 152-170) in the form
of mudstone or wackstone (wilson, 1975; p.}}3). The classificat—
ion used does not take intd'considergtiﬁn-the influgnce of | T

(]

varying amounts of insolubles in the carﬁbnaté that would tend

to bias the results in favour of dolomitic values.

Type of HCL Reaction g _E;me Limit
1]
Limestone , violent . immediate
Dolomitic limestone slow P < 15 sec
Calcitic dolomite - véfy slow < 30 sec
Dolomite . o nil h\ ‘ .57 > 30 sec.

hAN
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in the Department aof Geology, University of Ottawa, awa,‘

Canada.

\'"
Grain Siza(;;stribution

Greggs and Bond (1972; p. 937), comparing samples of
_the txpi@ai/iztsdam (Chadwick, 1920) type section and their

) prceposed txpiJal Nepean reference section considered that’there

¢

are slgnificanit p%trological differences between the formations:
" Microscopicall he Potsdam and Nepean differ in grain size,
rounding, sorting and cement. The Potsdam sandstone is much
coarser, its.grains are more rounded and better sorted than thosa
of the Nepean sandstone. The Potsdam sandstone is well known

for its secondary quartz overgrowths few grains in the Nepean
sandstone samples show secondary overgrowths but calcareous
cement is abundant, particulariy in hiéher parts of the section"
fGraggs and Bond, 1972; p. 937).

To test this hypothesis of two distinct petrological

uhlts within the silicdiclastic strata of the Beekmantowo Group ,
both inclusive graphic and moment statistics were employed
(figure 4-1 to k- 8). Samples were separated into five general
1ithofacies class A. oebbly sandstone or congiomerate matrix

(9 samples); class B: quartzitic sandstone;(138 samples);

class C: quartzwacke (65 samples); class D: calcareous quartz-
wacke and sandy carbonate (73 samples) and class E: arkose or

subarkose (2 samples).-
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Graphic Mean and First Moment Size

Between the inclusive graphic and moment statistics
of grain size distribution there-are several significant
differences.‘bne of the most noticeable discrepancies occurs
between the graphic mean (Mz) and first moment (m;).

Figure 4-la i1llustrates the size frequency histogram
of Mz and m;. The mean value of m; for the samplqs shows a
finer grain size than that glven by Mz. In general, the m,
values were found to give finer grain sizes than those for Mgz
for classes A, B and E. In classes C and D, where a significant
pan fraction occurs, the Mz gives a finer grain size than m,.

The felationship between m,, the insoluble pan fraction (P%)

and Mz is approximated by the equation:
equation 4-1 Mz = 0.0178 + 0.8211(m;) + 0.0148(P%).

In figure 4o1ip it may be seen that for ml'and Mz values given
in equation 4-1, the mean sizes would predict that the mean
insoluble pan fraction for all samples should be approximately
14 .5 %, which is close to the actual mean value of 13.7 + 0.8 ¢
(appendix 3). 9 |

The disparity between the value of Mz and m, for v
eamples of classes A, B and D appears to reflect the greater
sensitivity .of the moment analysis over the graphic methed
' (Folk, 1968; p. 49). The variation possibly reflects the
inability of the inclusive graphic-method's seleeted percentile

points to detect abrupt fariation in grain sizesibetween their

Ll i ok T ki
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GRAPHIC MEAN. VS FIRST MOMENT DISTRIBUTIbN
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1 MEAN (W3} ~2.99%0.04 MEAN (Mi)=275%0-04p
STANDARD DEVIATION =0-68| STANDARD DEVIATION =0-69
30- ‘ :
POPULATION = 287 POPULATION = 295 .
4 : ,
GRAPHIC MEAN [:l
= FIRST MOMENT
S 20 /// _ DID]
© OVERLAR .
=)
w //
: 7
@
w lo_ //
i
- o I 2 3 4 5 6
Figure 4-la SEDIMENT SIZE (phi) ’
P RELATIONSHIP of GRAPHIC MEAN 8 FIRST MOMENT
to TOTAL .MUD CONTENT
6
¥
o
4 i
= W \0° EQUATION
- i 1'3'.‘. -
z ~ "0.,"' Mz=o+ blmil+c|P%)
<z 1 e
G < ° 0'x0:0178
o 2 - 1 b = 0821}
x ! ¢ =0-0148
& :
= m CORRELATION COEFFICIENT 20-95
brd .
:
]
I
0 T ] ! L] 3 L] [ 3 T 1
o] 2 . 4 - 3 |
FIRST - MOMENT {mi)
{phi}

Figure 4-1p

o

" Pigures 4-1a and 4-1b:
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positions. In argillaceogs samples (classes C and D) the 1oﬁer
m; valué;may reflect the arbitrary {Pﬁer limit used to estimafe.
the fine sample fraction. Based on 10 pan fractlion analyses of
samples from the Beekméntqwn Group, over a wide area,’the pan
fracti%n mean ‘Mz vglue was 5.25 # 0.11¢. This value was used
to represeﬁt the paﬁ.frgction midpoint. With high Ean fractions;
however, this appro;imation may not be realistic and may result
1n-a general over-estimation of the actual éré&n size by m;.
This result is also'reflected by -other parameters, with sorting
(my; figﬁres 43 & U-7) and sl»cewnessl(rn-;;/mgl2 3y Figures 4-5 &

4-8) being lower than the corresponding inclusive graphic

parameters. ) o

Statistical Tests

In all comparisons of graln slze distribution para-
meters no distinguishable cluster groups of samples could be

found to support fhé existence of major petrological differences

-

within‘Beekmantown Group clastics (figure 4-2 to 4-8). H
Gradual transition occurs from class B thrpugh to class D. .

The distributlion of plots in figure ﬁ—2 shows a
decrease in sorting (UI) with decréasé in grain size (Mz)
finer than 1.5¢. For grains coarser titan 1.5¢4, a weak conti-
nuous decrease 1n sorting 1s indicated by class A samples.
Classes A to D show selective size ranges with class A occur-
ring in Mz =~ 2.5¢ or coarser, class B between l¢ and 3¢, class
C between 2¢ and 3.5¢ and class D with sizes finer than 2¢.

Plots of inclusive graphilc skewness (SKI) vs Mz
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to decreasing degree of sorting within class A.

g -

(figure M-H)-show a continuous graﬁation characteristic of the
classes.-Again‘each class shows a preferred range, though less
Jdeveioped than in the flgure 4-3 plot. Class A is negatively
skewed, reflecting the strong!bias toward the large clast modes
with ﬁhcrease in Mz size Class B, ranging in SKI value between

—-0.3 and 0.7, shows no apparent correlation between grain size

and skewness (mean S k™ 0.36

I+

0.02). Class C ranges between SKI
-0.2 and 0.7 (mean Sgr= 0.31 # 0.02) and overlaps the class B
range. Class D ranges between -0.95 to 0.70 (mean SKI- 0.24 =
0.03) showing a slight bias toward the coarser grained fraction
over that shown by clgss B or C. Increase in sample carbonate
content appears not to directly influence the textural pattern
of the samples, except for being associated with finer grain

sediments. Such conditions are considered by Reineck and Singh

- (1975; p. 119) to be characteristic of tidal flat and shallow

marine shelf environments.

The plot of Sgr Vs o (figure 4-6) clearly illgstrates
& trend to increased sgbting and skewness' £r8m class D toward-
class B samples. Minimnn‘oI values occur at S K1 values near 0
(classes B and D). Increasingly negative S values correspond
When the transférmed graphic kurtosis (K ) is plottggﬂf
against S extensive class overlapping occurs (figure H-8).
The value of K' ranges from 0.38 to 0. 88 with the mean K'
value of 0.53 + 0. OOH The platykurtic nature of the size
distribution peak (or peaks) would suggest a near normal

kurtosis for the samples.

-
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Evidence of sample clusterifg between or within the
classes is not indlcated by plots of textural parameters.

Grain Size Patterns #

To test if distincf differences in grain size do *
exist within the siliciclastic strata of the Beekmantown
Group, data from several sources were compared wlth Mz values
‘obtained from all samples_used in this study (Mz = 2.49 % -
0.04¢). Table 4-2 lists the mean values obtained from the
data of‘ﬁarious authors.

Data from Greggs and Bond (1972, p. 937) and Pettijohn
et al. (1975; p. 223) were obtained from photographs of
thinsections, measuring érains along five eqﬁally spaced ribbon
transits. The size was then coﬂ;uted for the m, value, cor- |
recting to sieve size equivalent by the use of Friedman's (1962)
equation Insignificant numbers of grain counts and uncertainty
of the Mz, m, and P% relationship made conversion to Mz by
equation 4-1 impnactical. It will be noted that Greggs and
Bond's (1972) 'typical gotsdam' and Pettijohn et al (1975)

'Red Sandsfone,ﬂﬂrdovician) Potsdam' are poth from the type
section at Hannawa Fall, New York. In all cases the Gaussian
distribution was used to test the significance of the samples; -
values of 0:95 or greater were not considered significantly
different

Greggs and Bond's typical@fean, Pettijohn's Red
Sandstone (Ordoviclan) Potsdam, Wlesnet's (1961) Potsdam and
samples collected in this study from Clark's (1966) Potsdam

. _ '7; . _
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b "TABLE 4-2 Sﬁ
‘GRAIN SIZE TRENDS OF SILICICLASTIC S™RATA IN THE OTTAWA BASTN

Sampleé collected in thié s%udy énd'from other
independent studies are compared with respect_fo overall graphic
mean (Mz)-or first moment (m,)._ Samples wére tested, using
no%mai probabillty statisticg, to‘determine degree of similar-

1ly..See text for discussion ol* table.
A

M = first moment size -

Mz = graphic mean size

t = estimated from thinsectign : )

s =£sieve data ' . . /rﬁu_

Area from this study ' Values
Western part of Ottawa Basin (A) (s) Mz = 2.49 = 0.04¢

+

m; = 2.74 + 0.06¢

. .
e . * .
w . !

Chateauguay Area (B)

PN
Beauharnois Fofmation
._ Huntington Member - - A{t) my = 2.72¢
- St Clothide Member (t) my = 1,374
Chateauguay Formation ' A
‘ Ruisseau Norton Member (t) m, = 3{40¢
. Cairnside Member: () my = 1.77¢

v\Covéi-Hill Formation .
Rivére aux OutaX¥des Mb. (t) my = 1.774..
Covey H111 (restricted)Mb.(t)m; = 1.89¢
"2.15 +.0.31¢

ko R




. .TABLE 4-2 (continued). ' ¢

Other Sources of data

Greggs and Bond (19723 p. 937)

(@) typical Potsdam (Hanana@ﬁﬂls!'N;Y.)
B (t) my = 2.87 % 0.37¢"
(D) typlcal Nepean (Ottawa, Ontarlo)
. (£) my = 3.99  0.h4b¢
', Pettijchn (1975; p. 223)
(E) - Red Sandstone(Ord.) Potsdam (Hannawa Falls, N.Y.)
' (t) ‘ ) m, = 2.35 * 0.01¢
‘Wiesnet (1961; projected imége"of t)
(F) Potsdam Sandsteche (Moore Quadrangle, N.Y,)
i : my = 1.32 + 0.3U4¢
B C D E B
A P-z'(l.869) Pz {0.347) Pz (2.815) Pz‘ (6.412) Pz ‘(3.534)

= 0.969 = 0.653%* = 0,998 = 1,000 = 1.000

B ' P, (11492) P (3.419) P_ (0.645) P_ (1.360)
= 0.932 =,1.000 = 0.741%* = 0,915%

C . =" P (1.948) P (1.408) P_ (2,687)
. STz z z

—-0.974 .= 0,920 = 0,996

: D P, (3.726) P_ (4.442)
- \ _ _ =1.000 = 1.000
- _ ] P, (2.440)

= 0.993

. ® sigpificantly dlfferent at the

.95 conf;dence limit.
** significantly different at the.

.90 confidence Limit.
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and Beekmantown Group (appendix 2) show no'significant dif-
.ference in gralin size at the 0.95 confidence leyel from
that of the western basin study area. Only Greggs and Bond's
typical Potsdam shows cignificant difference from the western
basin data (P(Z) = 0.65). However, their typical Potsdam and.
cypical Nepean show no significanc difference at the 0.95
confidence level (P(z) =.0.97H). In- fact a larger difference
exlsts between Pettijohn et al's Potsdam and Greggs and Bond's

Potsdam (P = 0.92).

(z)
Because of the very limlited number of samples, no
Erominenc statistlical difference appéars tc exist iIn the mean

grain size of samples anywhere within the Ottawa Basin,
Qiffe;ences in mean é}éin size in.certain locations,
particularly in the vicinity of the Frontenac Axls, appear to
show consistent pattorns. To test if regional patterns in grain
slzes exist, four divisions of the study area were statistically
tested for possible differences and the grain size parameters
for the whole study area or between adjacent divisions were
also tested. The divisions were: (1) west of the Frontenac Axis,’
(2) on the Frontenac Axis, (j)between Brown's Bay and )
'Brockvillqam{4)between Westport and Athensi(figure 4-9). For 1\\_;
each divislon the mean (x) and the standard deviation of the ’
mean ( x) for each Mz in the divisiOn were computed (table 4-3y,
The results show that although a general decrease
in grain size occurs eastward across the Frontenac “Axls no
‘significant difference at the 0.95 confldence limits :1s,appafentﬂ

Only the Westport Athens division has a significantly différent_ - S
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TABLE 4-3

GRAIN SIZE COMPARISON FOR AREAS WITHIN THE WESTERN PART OF

OTTAWA BASIN

52

%

The Four divisions used in this comparison correspond o

discussion of this table may be found in.text.

T
Location Number of Samples
West of Frontenac Axis ' 9
Frontenab Axis ‘ 27
e Brown's Bay to Brockville 64
Westport-Athens District 146
Overall Study Area - - 289
. Ly
1 2 3 4
A P, (5.382) P (3.064) P (3.690) P (1.249)
= 1,000 = 0.999 = =1.000 = 0.894%x

3

”ﬁﬁ¥:(g§293) P,(6.760) Pz(4§853)
= 00999 =1,000 = 1.000
B, (5.154) P,(2.236)

"= 1.000 = 0.987

Pz(4.346)

TN ' ] = 1.000

¥ gigificantly different at 0.95 confldence 1limit.

** slgnificantly different at 0.90 confidence Iimit.

I+

1+

+

graphic mean sigze (ﬁ?) was tested, using normal probability

Mz

0.17¢
0.10¢
0.08¢

0.05¢

0.0l¢

to the dlvislons shown on figure 4-9. Each division's overall "

statistics, against the other divisions values of Mz. Detailed

Division

o

&= W




.

. study showed the variatién

53

Mz value from that of the entire study area. Thils difference

1s believed to be the result of the exceptionally high percent-

age of March and Béauharnois strata sampled 1n this area.

The changé in mean grain size from west of the
Frontenac Axis (Mz = 1.55 + 0.17¢) across the’Frontenac Axis
(z = 2.16 % 0.10¢) to division 3 (Mz = 2.82 + 0.084) -and
division 4 (Mz = 2,41 * D.05¢) wquld appear to support a -
decreasing energy gradlent of depogitign.from west to east . -
across the Frontenac Axiif' j‘ ,‘ - 0t

-Grain Shape

1

Attempts by several workers to determine the source
area of-the Beekmantown Group clastics by employing grain shape

maturity have produced variable results (Wiesnef, 1961; Lewis,

. 1963). Greggs and Bond (19725 p+~937) attempted to employ grain

- shape as a criterion for distingulshing between the typical

!
n

Potsidan, and typical Nepean Formation.
To test the relationshilp between shape and stratigraph— . xr

ical position, 145 samples were selected for grain shdpe‘%nalysis.

From,each sample, between 200 and 300 whole grains from-the 2.5¢

sieve fraction were analysed for sphericity and roundness using

Krumbein's (19M1) roundness and Rittenhouse s (1943) sphHericity

outline charts. Rechecks on 50 mples over the intcrval of the

estimating the grain shapeAparamefers

were normally within the .1imits of the standard deviation of ‘the

means.

As a whole, samples from the western'part of’the basin
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A
084 No of SAMPLES + 145 . ‘.Jf,:'-.“
\ MEAN SPHERICITY» 0-853= 0-002 . ',..-I‘
| MEAN ROUNDNESS »0-60440-014 :'.II. ’
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. o T
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show relatively high roundness (0. GOU + 0.014) and spher;city
(0.853 = 01002) values with a significant linear relationship
between them (figure Q—lO). Gaain shape parameters were found to
change dramatically between adjacent beds. These changes were
frequently greater than that found between samples of widely
spaced locations (figure 6-9 )¥ These variations were found in
all unlts of the Beekmantown Group. With such wide variation in
shape oarameters between adjacent beds, the application of grain
spape parameters oo distinguish between different formatlons, or
directlions of source areas must be questioned.

- The variation of graln shape in vertical sectlons was
found to follow a repetitive pattern that corresponds to changes
in certain grain size distribution parameters (figure 4-11). The
strongest ‘correlatiocn appears to be between graln roundness and
proportion of total mud fraction. When both carbonate and mud
fraction (CP) are plotted against roundness (RD) reasonable
correlation occurs for CP content less than 30 % of the total

W
sample (figure 4-11b). Beyond 30 % CP content, the correlation

with roundness rapidly‘deoreasésﬁ Similarly, if the 1nsolob1e
mud fraction (P} 1s plotted again;% roundnesaJan idantical orend
ocecurs (figure 4-11a). The#oorrelation coefficient in figures
Q—lla and 4-11bdauggests that the inscluble mud‘fraction is thé"
princlipal control on .grain roundness with”éarbonate cootent only
slightly'improviﬁg the degree of correlation. 7
Studies by Heald and Baker (1977; p. TU-75) have shown

o

a ' positive correlatlon between’thﬁ amount of illite coating and

/

~ degree of secondary quartz growth within the Rose Run Sandstone

\ : :
,J S \\;\
. /-" . o ’ ’ \\‘
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]
Small quantities of clay coating the quartz grains were found %o

-

be sufficlent to inhibit the development of secondary quartz. This
trend may explaln the increase in roundness with increase in mud
content within the Beekmantown clastlies, as well as the rapid
.decline in correlation with large mud: content when a small fract-
ion of the muq actually influences the graln shape.

Wiesnet (1961) found a correlation between the  grain
shape of the Potsdam Formation and the distance from the ayecamb-
rian rocks. The trend was attributed to mechanigal abrasion of
the gralns with transport distance from the source area. However,
whep the mud fractlon (P) obtained fromshis cumulative freéuency
curves (ibld, p. 8) are plotted against distance (D) from the
nearest Precambrian rock (ibid, p. 9) a logarithmic correlation

of the form:

equation 4-2 (P)% = 5.30 + 4,191ln (D)

-

was obtalned " FThe curve has a gorrelatlon coefficlent of 0.82
énd is signifiéant t the 0.95 cdonfidence limit ft— test statistice).
As a.resqlt Wiésnet's correlation of graln shape with distance
from the Erecaﬁ%rian rocks may alternatively be attributed to the
}ncrease of samble mud fraetion away from the Precambrian
exposures. |

Use of qdafté.grain'§hapes to @1fferentiatgibetween
formations or detg;minersource areas of ancient sediments must
be.approached’cautiousiy. Correlation of mud and carbonate
_content with grain shape suggests that oﬁergrowths éfe npt;always

apparent and this apprdach may result in'misleadingrinterpret—
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ation of shape data (Folk, 1968; p. 78). No apparent distinction
based on grain shape can be made between the Potsdam, Theresa

andlﬁmks Bridge Formations of the Beekmantown Group

Petrology and Palecenvironmental Evaluations

For several decades attempts have been made to use grain
size distribution to deduce depositional environments. The aim
behind these attempts has been to develop methods by which sed-
imentary paleoenvironments may be recognized

Few studles have been made of ancient sediments in which
graln size may have been altered by disaggregation, authigenic
~growth or pressure solutlon (Amaral and Pryor, 1977; p. 38). In
this study,ithe Beekmantown Group siliciclastics are relat}vely
easlily disaggregated with,generaliy high roundness.and sphericlity
"~ values, suggesting minimum infldence Trom authigenle growths. As
a result.the Beekmantown silioiclastics should be suitable‘for
testing the abllity of textural analysis to discriminate environ-
ments.

Stewart (1958), Molola and Welser (1968) and Friedman
(1961) suggested that plots of inclusive grdih;c standard deviat-

ion (oI) vs graphic mean (Mz) or median (Md) or plots of-the first
(m;) and second (m,) moment could be employed to discriminate

between various environments. Stewart (1958) found that guiet

A

water, fluvial and wave;influencgﬁ environments could be distingf

uished by plotting'o vs Md. In figure 4-2, Stewart“s-environmental

I
boundaries (corrected from Md to Mz values; table Mpu)are plotted

with respect to the iithofacies classes.



\

_quiet water énvironments., Class '

J -

Only a third of the samptes lle wlthin Stewart's
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boundaries (table 4-4), with mos occurring between fiuﬁial and
amples occur primarily within
the guiet water environment (32 of class D) as would be expected.
Classes %/and,B dominate the classes within the fluvial environ-- .
ment (11 % and 46 % respectively). With onl& 1.% of the total
samples.lyinngiphin the 11mité of a wave-actlve environment,
Stewart's .criteria would suggest that the Beekmantown Group was
primarily deposited in fluvial environments. _

- Moiola and Weiser (1968) suggested that plots of Mz to
or could be used ?o distinguish between beach and fluvial or dune
and fluvial envirconments (figure 4-2). According to these criteria

most of the present samples (97 % to 98 %) fall within the fluvial

envircnments, including all of class D samples. Occurrence of

_stromatolites, high micrite or dolomicrite content and marine

fauna within class D samples show that this interpretation is

incorrect.

Briedman (1961) applied the first (m;) vs second (m)
moments to distinguish betveen dune, mixed and fluv{iiyénvironments
. : 2

4
(figure 4-3, table 4-4). Simllarly to Molola and Welser's. (1968)
interprethtion of 0; Vs Mz plots, the predicted environment is
v ' L ~
fluvial for 56 % of the samples. However, again"most of clqss D

>

samples (86 %) are undoubtedly marine, making Friedman's criteria
. 4

questiqggple.. ¢

- Stewart (1958) suggested that the plot of median (Md)

-

- and inclusive graphic skewness (SKI)'may be used to distingulsh

his. three environments of depoﬁition. Figure L4-4 (table 4-4) shows
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TABLE 4-4

PETROLOGICAL ESTIMATTION OF_PALEOENVIHONMENTS

/

e
Table 4-4 ig a summary of the data illustrated in

f‘igures 4-2 to ll 8. PFor detailed discussion of the table reference
1s glve to the text.

Parameters Authors Class - Environments (%)
Md vs oy Stewart (1958) Jave  River Quiet Water Undefined
‘ | A o0 1 0. 89
B 3 \@K 0o 3
e 0 0 3 .97
1 , 31 68
E 0 50 0 50
Tcﬁ_\l 23 -+ 8 - 68
‘ \ )
Mz vs o Moiola & _
Weiser (1968) . Beach Biver' . Dune Riyer )
B ' A 0 100 - 11" a9
- B 4 96 SR 96
C 2. 98 2 98
D 0 100 0 100
E 0 100 0- 100 _
To;al 2 . 98 3 ) .97 )
m; VS m, Friedman (1961) _ Dune , River -Mix_ed Undefined
' A 0 22 0 78
B 7 64 67 - 0
¢ . 5 5 0
D 13 86 1 0
_ E 0 50 50 0
;, _ « Total 8 56 34 2



TABLE 4~4 (continued)
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Parameters Authors Class Envilronment (Z)
Md vs Sg1 S.tewar.t (1958) Wave Rlver Qulet Water Undefined
-\ 33 11 0 ° 56
B 9 1 89
» c 6 0 18 76
D 1 0 47 52
E 0 0 0 100 ,
Total 7 1 18 74
Mz vs S . Molola & Coastal Inlénd,
Weiser (1968) Beach, }D.me Dunes  .¢-
A 89 11 100 0
B 25 75 21 79
c 0 100 0 100
D 1 99 2 98
E 0 100 100~
Total 15 85 Total - 15 85 .
m vs my/ mi’? Friedman {1961) Beach Dune Undefined
' ' A 100 0 0
B 4 96 0
c - 0 100 0
3] 6 84 10
t” E 0 100 0
Total 6 92 2
' SKI Vs 0, Moliola & i
Welser (1968)  Beach River
| | . | A 0 . 100
B 1 99
' ; c 0 100
D 3 97..
- ‘E 0 “100
Total l’

99 .
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TABLE 4-4. (econtinued) . _
' Paramete_rs» Authors Class Environment @)
mz V8 my/mi’2 Friedman (1961) . + Beach iwRiver' .
' A 0 * 100
‘B ‘0 © 100
C 2 98
- D 11 89 -4
o E 100
.Total 3 97
Kg Vs S Moiola & . .
‘ ‘ . Wei'ser' (l? ) ’ E Bgach Ilqland‘Illn? .
) \ - A 33 - A67 , ‘,/
/ ¥ . B 18 . © 82 K
’ c 11 89
. D .38 63 ‘
E 0 100
- Total 22, 78
K& vs Sy 1 Mason & . Ae.olian | \
: Folk (19_58')' . Beach Flat - e  Undefined . ‘, ‘
' - \ A o0 0 40 100 ’
A . ‘ ' N
‘B 7 .9 7 o7
. c. 2 3 17 78 ]
- ‘ > .8 w4 13 75 -7
< ‘ . . E- _0 -0 50 50 ‘
‘ | Total . 6 6 11~ 77
. v ,’ Overlapping fields =487 i
Ml = dian sjze z_/ ) m;= first moment ;
M\z—p Gra ‘mean silze .o mz= second moment .
e . UI" Inclusiye graphic standard deviation M /Y 2 moment coefficient
T " EK Inclusive graphic skewness - T of skewness
& ‘ . K' - Tr'anﬁ%g‘n\egurtqsis' N - *
. o g . .
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_ TABLE 4-4 (dpntinugd)

Ve Di?TRIBUTION_OF LITHOFACIES CLASSESIIN THE BEEKMANTOWN' GROUP
~ Class ° Symbol used in(figures Numbér Lithofacies
e S 9 Pebbly sandstone and

. ) . . conglqmefate matrix.

B ' : . C ) 138 quartezitlic sandstone
’ c + IR 63 quartzwacke |
) ‘D‘ ‘ <£> c . 73 quartzose sandstone &
séndy carbonate -
P [ . . -
E : A - . 2 arkose or subarkose
\ﬁhiﬁ ' Class “Fraction of Class (%)
Beauharnols Formation, D ° ¢ N . 8

Bucks Bridge Formation .

March Mb. D &7
Heuvelton mb, A L 45
B 84
Cc * - . 50
4 D © 13
Theresa Formatlon .AT ) -11
N , ' c 29
- 32
“Potsdam Formation . .
! . Keeﬁville Mo. A, N Fo 4 |
f P \ . . : ) B . ) D \16‘ ; . }@
v, - : S - ,
_ : . . C . . 21
N v " "Basal mb. - E g y 100
. \/'.ﬁ ) ¥ (3 Q
- '
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that 26 % of the samples fall within his environments. Classes

C and D again represent the bulk of .the samples within the qulet
water environment, Unlike the Md vs 91 plot, samples representing
the guiet water environment predominate over those representing
the fluvial environment. Most samples (74 %) 1lie between the wave
and quiet water environments, possibly indicating a transition
zone between these environments.

Moiola and Welser (1968) plotted Mz vs S.. to distinguish

XI
between beach and dune or coastal and inland dune environments
(figure 4-4, tabielu—“). Under bothltests 85 % of the samples
fakl within the limits of dune or-inland dune envirconments
including most of classes C, D and E. The efficient aeollan sort-

ing+and mechanical abresion would normally be expected to remove

. 1
the finer and softer clasts from the sediment rapidly (Reilneck

‘and Singh, 1975; 183-185). In addition tHe-inland dune environ-

ment 1s not supported by primary sedimentary structures such as ,
escillatory and currentgripples, desiccatlon cracks, hef?ingbone
cross stratification and fiaser bedding.

i A
Friedman plotted the first moment {m )} against the

) afz > .
moment coefficlent of skewness (m3/my ) to distinguisﬁ between
beach and dune environments (figure 4-7, table 4-4). The plot
suggests that the predominant environment was one of dunes (92 %

of samples) including most of classes:B' C' D and E. (96 %, 100 %,

: ) . .
84 % and 100 %, respectively). Agaln, the argument used against

\Moiola'end Weiser's '(1968) Mz vs Syy Plot is'apﬁligable.'

Molola and ﬁeiser (19681 and Friedman (1961) alsc

. considered Sqrting vs SRewness plots as useful in distinguilshing

-~y ’ o
e - « - .
+
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beach from fluvial environments. Molola and Weiser (1968) plotted

o; VS Syy to distinguish these environments (figure 4-6). Most

' iﬁ the present samples fall wlthin this fluvial environment'crit—-

erlon (99 %). Agaln, the previous argument against the existence
of a carboﬁate—rich fluvial environment is applicable. Friedman
(1961) suggested that a plot of m; Vs mz,/maz/2 cauld distingulsh
between beach apd fluvial environments. Like the o Vs SKI plot,
the majority of the samples {97 2) 1lie within the limits of the
fluvial environﬁen% (figure 4-7, table U-4).

| Both studles by Moiola & Welser (1968) and.those bf
Mason‘& Folk (1958) have employed the transform kurtosis (Ké)
vs stij to distingulsh environments. Mclola and Welser used the

K, v§ Sy, parameters to distingulsh between beach and inland

dunes (figure 4-8, table U4-U4), The plots suggest that the majority.

/

of the samples are in the inland dune environments (78 %) includ-
ing thé majo;ity of classes C, D and E sampies: The argument used
against thelr Mz VS,SKI bodndaries may ééain be usedi '

Mason and Folk (1958)‘tried to differentiate between
beéch, .aedlian flat and dune environments by the use of Ké vs
SKI' Only 23 § of the samples fall within their environmental
limitsi Tﬁ; data’ suggest thet 85 % of the samples répresent dune
sedlments (between dune vs 5each environments) including all of
classes C, D and E. The high odcufrence of afgillaceoué sand-

stone (class g); carbonate {class D) and arkose (class E),

- ’ .
that do fall within thelr limits, ‘the dune environment dominates.

' Nearly hglf.(HB %) of the samples overlap environmental bounda:ies-

" -

. - ;’[ 4 - R
‘wouldbe. an- unusual conditlon and must be questlioned. Of the samprs'
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Again:the dune environment 1s questicnable with the large number
of argillaceous (class C) and carbonate (class D)—rioh samples
- present. 7

The results Indicate little to no copsistency in the
indicated paleoenvironments from grain size distribution para- -
metef plots. As a consequence, the applicatlion of these parameters
te recognize paleoenvironments in the BeekmantBWn Group is
questionable..

-

Log Probability Grain Size Evaluation of Paleoenvironments

An alternative procedureithat has been employed to
dlstinguish between various paleoenvironments-is the analysls of
log-probabillty grain size curves {(Visher, 1969).

‘ F_Visher (1969) interpreted bfeake in the curves as the

consequence of intermixing'of truncated lognormal populations

. representing the va 1oue modes of transPort of the grain.pop-‘
ulations. Eoth_flume and modern environmental studles suggest -- B
that the transition from saltation to suspension transpont pop-
ulationsnormally occurs;between grain sizes,of'3.3¢ and 33,96, -
while the saltation and traction.transittpnﬂoncu?s near 2¢ size

. grains'égg;g; p. 10762. Easen OQ@thi'Similér posit;ons of the
log-prdbability breaks and size of transport mode change, Visher
divided the log-probabllity curves 1%to populatibns:.saltation
(4), suspension (B) and traction (C) (figure 4 12) ) '—J

Based®on’ the size of each populatiOn and the position
of the breaks,Nisher (1969, p 110&) defined 10 environments of

. ’

deposition. These environments and their limits wilth respect to N
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Figure 4-12: Refer to text (f/c:r‘detailed discussion of f.igure‘.
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each populatlon are plotted in figure 4-13a. When the classes are

plotted\q%th respect to their populations (figure 4-13b), classes-

¢

A to D are gradatdonal from saltatlon tc suspension dominant )
populations. From the distributlion of populaticns, the suggested
palecenvironments are tidal channel (58 %), wave zone (54 %),
fluvial (51 %), turbidity zone (32 %) and beatzb(zg %). The
remaining environments, are represented by less“than 10% of the
sgmples (table 4-5a). Only 10 % of class D samples occur margin-
ally within'the'fidvial environment. Thie,however,represents
'only 3 % of the total samples,and as such none of the suggested
environments .may be eliminated. .

Distribution patternsef-the coarse truncation point_
(CT) size end fine truncation point (FTﬂ_size with respect to
the populations (figﬁres 4-14a and 4-1l4b, respectivelyj, suggest
a gradual degrease in_CT size occurs from the saltation to. the
'suspensien pepulatiené, while the FT size decreases from the
suspensicn Ee saltation dominant populations. ‘

When the CT and Ff size crlterion 1s added to the
environmental criteria of Visher (1969, p. 1104) Ehe dominating
environments become tidal channel (56 %),,wave.zoney(Sl 2),

\t rbidit§ zone (30 %) and beach (28 %).. Both flnvial'and dune
envlironments are:eliminated, restricting the possible envirconments

to‘lacustrine'or marine (table L-5p).
) . In beach or nearshore environments a third truncation
break within the saltation segment of the. curve commdnly occurs
(figure 4—12) Visher (1969, p. 1083) attributed the truncation
point (BW) to, grain sorting by the swash and backwash w%fe motlon,

t L

At
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' TABLE 4-5a
DISTRIBUTION OF SAMPLE CLASSES IN VISHER'S (1969}

PALEQENVIRONMENTS

BEsed on sample population ratios

-

L o

- For a detailed discussion of the table refer to text.

Classes TMTdal Wave Fluvial Turbldity Beach Undefined
' Channel Zcne Zone -
A% . .78 89" 89 0 78 -0
B Z 88 56 v S 2 .46 3
cz 2L 35 35 . 36 2 12
D % 11 36 10 78 B 13
CE % 50, 50 . 50 - 0 50 50
Total 7 58 54 51 32 29 7
Classes Plunge- Natural Tidal Shoal Dune
Zone Levee  ‘Inlet Zone
A X 22 0 .0 0 22
"B oz 5 o 6 .3 1
c 2 0 3 0 0, 0
D % 1 11 1 1 0
E 7 0 o 9 0 )
Total % 5 2 2 1 1

Overlapping samples :I*mor'e than one environment = 142 7 '

r

NIz o m



e

T2
TABLE 4-5b .
DISTRIBUTION OF SAMPLE CLASSES IN VISHER'S (1969)
PALEQOENVIRONMENTS - . :

" - Based on combination of population ratios and CT/FT size

limits - T

For a detalled discussion of the table refer to text.

Classes Tidal Wave ' Turbidity Béach Undefined Tidal
Chénnel Zone Zone o Inlet
A 7 78 8 - o 78 o
-~ B % 88 56 - = 2 T s 46 6
cC % 21 - 35 36 7 12 0
D 1 36 78 4 13 1
E'Z 0 . s0 50 50 0
30 28 8 6

Total % - 56 ©51

Classes Natural  Plunge Shoal  Dune Fluvial

Levee Zone . Zone
A7 0 22 o . 0 0 .
B 2 .0 5 3 1 0 - '~\\<}
c 2 2 — 0 - 0 0 ' -
D "7 9 1 1 0 o |
Fr o 0 o 0 0
Total ¥ 4 4 1 0 0 ’.’
. _ .

- - 1.3
Overlapping samples in more than one environments = 88 g
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~ TABLE 4-5c
DISTRIBUTION OF SAMPLE CLASSES IN VISHER'S (1969)
PALEOENVIRONMENTS

Based on combination of population ratios, CT/FT size 1limit and

presengg of BW point

For a detailed discussion of the table refér to text.

Classes Beach Turbidity Tidal Undefined Natural Plunge
) " Zone " Channel , ~ ILevee . Zone
A %78 0 0 22 0 0
B % 8 . 0 —" 10 0 0 3
c z 56 . 3. 3 2 ] 0
D% . 51 41 1 3 9 0
E Z 100 ' s 2 9 2
Total 70 18 7 6 3 1 -

Classes Shoal Wave T™dal Fluvial Dune .

Zone . Zone Inlet
A7 0 0 0 0 0
B % 3 0 1 0 0
c % 0 0 - ® 0 0 .
D %2, O 3 . 0- 0 0 ‘\\\\_/}
E 7 0 R 0
Total % 1 10 0 0 :

Overlapping samples in more than one environments = 7 %
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When the samples with (BW) breaks are added to those required

in the beach environment, the possible environments become

beach (70 %), turbldity zone (18 %) and tidal channel (7 %;

table- 4-5¢). The remaining samples are either undefined (6 %)

or overlap into natural levee, plun zone, shoal or wave zone
environments (13 %). None of these environments can be eliminated
on the grounds of textures or sedimentary structures present.
Although the BW point is characteristic of beach environ-
ments, only 28 % of the samples fuipil all the criteria required ’

for beach environments. This discrepancy may indicate an over-

1apping of environmental conditions such as may ocecur over a tidal

C/l'flat, or a similar sorting mechanism in other environments of

b
the various methdds of determining paleoenvironments from the
wn

K ]
siliciclastic slze distribution, only thre log- probability curve
method appears to give results that have some degr&e of reliabil-

ity, being consistent with both sedimentary structures and

"fossils ~

Conglomerate Textures

A Y

Conglomerates within  the Beekmantown Group occur primar-

1ly whé?: the group is in abrupt contact with granitic or meta—

L] ’

%uartzi c Precambrian ‘ridges. These conglomerates are oligomietie

*’bonsisting exclusively of metaquartzitic clasts that 1ocally

"range in size frqmdsmall Rebbles to- bouldeﬁs with a meéan diameter

e
of -7.4 + 0.2¢ (table H 6). Roundnets on the Powers scale (l953)

. .
LI B . - ) - - N
') . . Co — . .
. . -
[N s . P .
1\ . i . . ‘
s
.
.

..‘.}n
varies from sub angular to well 'rounded.

. .

When clast axes are plotted‘onwa'simplified Sneed” and
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: ) TABLE 4-6 : .
' CONGLOMERATE CLAST SIZES
: /F) S Location Mean Axis Number of Clasts Largest Clast's
' : Diameter - ." Diameter
401 - 4 19.81 % 0.47 em 75 . ‘' 66.7 em
"'7.63 i .0.03¢ ’ N -904¢
14 15.43 £ 0,27 em _ 130 - . : 39.0 cm
| -7.27 £ 0,02¢ , T -B.64
. A ' '
61 8.40 % 0.43 em 50 . 24.3 em .
-6.39 = 0.07¢ A -7.9¢
10 . 9.41% 0,22 cm 100 ¢ . 212 cm
' -6.56 * 0,036 . . ~7.7¢
ﬂ - . . - . -
W - 6 10.06 £ 0.16 cm 65 17 .8 el -
" 6.65 % 0.03¢ . - -7.5¢ §
Total 13.11 £ 0.10 em ~ . 420 . %3 em-,
‘ ~7.03 £ 0,02¢ . T 860
~ . - . , - ,"
- ' - Locations for the 1ocation code are ggven in appgggix 2.

Refer to text ‘for - additional 1n£ormation concerning table
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Sneed & Folk, 1958F

1-0 \

CLAST  PROJECTION  SPHERICITY (modified

o CONPACT

LOCATION

o Dwe

after

PLATY " BLADED "ELONGATED
. - (=07 -9
C > COMPACT _ .
BfBLADED ., CB=COMPACT BLADED VB= VERY BLADED
E:ELONGATED_ CE= COMPATT® ELONGATED  VE=VERY ELONGATED
_ P=PLATED CP=COMPACT PLATED VP = VERY PLATED
—_ 3 R
' “ 3
L= LONG AXIS
+ "1 = INTERMEDIATE AXIS
5« SHORT AX1S : .
ﬁ'w ' ! ?
v 3

\

. . L |
"Figure 4-15: Refer to text for detailed discussion of!figure.\'
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Folk~(1958) projéciion sphericity diagram (figure Q1155 a coﬁ@;
inuous distfibution"from very elongate larger clastg to compact
piaty smaller clasts is indicatedh Dobkins and Folk (1970)
suggested that clasts from fluvial environments have'lqy round-
ness and high spherlcity values with neither platy nor glqngéted
_shépés‘predaﬁinating. Ciasts from high énengy beaches‘were'”
fo&nd,to have highest roundness and lowest sphericity values
‘with pléty shapes:prevailing._Low energy beaches have ‘clasts with';
interﬁediate roundness and sphericity values with small clasts
tending to be platy and largérfones being elongated.

" From figure U4-15 the indicated conditions undef which

the conglomefate clasts were worn would appear to have been ip

a low -energy beach environment.

-

Vateel



' CHAPTER 5

.

General

Within the Beekmantown-Group‘certain sedimentary

F L)

structures are clearly associated with particular lithofacles.

The siliciclastic strata, such, as the Potsdam, Theresa or
BUMﬁ;BridgecFormation are characterized by structures assoclat-.

- ~
ed with wave and tidal environments. Carbonate-rich strata

such as thg Mérch Member -or Beauharnoils Formation A&re domiﬁaée
by blogenic or sed}mentary‘structures assobiatqd with restricted
tidal enviropmenps{ ‘. ) . 5
Preliminary conodont blostratigraphic studies within |

the study area (Brand, 1976; personal communicatfvnéjﬁsuggest

. that 1lithofacles suites in/ the Beekmantown Grolp_are
in a north - south direction. As a result any paleo;RVif
model ﬁroposed must explain the présence of bot@blithological‘
-and structural variation ﬁkthin the grbup. o

4 ' ¢ " s
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- Sedimentary;Structures in Silieiclastic: Strata

‘

"+ The siliclclastic strata considered in this study .
are_TéstTictéd to the Keeseville Member of the Potsdam, Theresa
and Heuvelton member of the Bucks Bridge Formé%ions, exposed

along the fringes of the Precambrian Highlands. Within these

strata there are six major-sedimentary structures which in

- -

scale and form reflect the-infiueﬁce of sediment size, hydro— - -

dydamic flowgbonditioqs and degree of blogenic activity at the ,

1

time of formation. - \\\ - . . p
' Y : . 4,

. . e | o ) .
Conglomerate Structures . _ ////P—H‘ i

Féatures such as imbq}cation of clasts and low angle

cross- strata dioping away frdm basement contacts similar to
. e

those found at location 10 and 401-4 (figure 5-1), would appear

to support a beach environment. At other locations {(locations
“n . . A . . A=
61A; WD-91_altérnat1ng beds of conglomerates and‘Brosg stratified sand-

8
.

stone dippingvgentlyraway from,fhe basement contact, or the

occuzrenqe'of Lingula shells trapped between cobble clasts

(location DW-9) and interfingexing of the conglomerate with - ,
sandy carbonate beds (location 4P1-4), would abpear to suggest

that the transport and deposition of clasts at these ldcations

‘ were infrequent .and that a marine ‘shingle beach with predom- \

Inately low wave energy was the probable palecenvironment. \

oy
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(o ‘ .
Estimation of Wave Intensity '

-

Dott (1974) employed the solltary wave theory to
estimate the miniﬁum storm wave helight required to round cong-
lomerate clasts—~of the Baraboo District. Using equation 5—1*or
5-2 'to.estimate tui/zﬁreshold veloclty necessary to iaﬁtiate
clast mcvement and assumling the veloclty to be equal to the

unidirectional bottom current beneath the solitary breaking wave,
. o’ -

‘the wave celerlity (equation 5-3) and Hreaker.wave helght

(eguation 5-U) may be obtained. The results suggest that under

F o

conditions in which the solitary wave is applicable, waves with

breaker heights greater than 0.75 m were sufficient to initiate

" movement of the mean clast\size (table 4-6), while the largest

4
clasts would require waves on the order of 3.5 m high to init-

iate movement. Dott’ (197H p. 245) ‘considered his method to
have .about 25 % accuracy ' - .

Dott's (1974 method depends on the assumption tQat

. the uaves have shoaled sufficiently to become solltary. For

short period waves breaking on a steeply sloping beach or
agalnst a steep ¢liff{ this condition may nét be fulfilled
Silvester (19pu, p. 164) found that only waves with periods
greater than 6 seconds should be co dered under the cnoidal
wave theory. Since the solitary w re is a special case of the
cuoidal wave ( 1ibid, p. 171) the sclitary wave equations should

-~

not, be.employed for wave periods less than 6 seconds.

An alternative method .of estimating the wave condltlion

N~

* List of equations used in chapter 5 may be found on page xlv

-




TABLE 5-1

ESTIMATION OF WAVE ACTIVITY DURING STORMS

Dott's (1974) method

For detalled explanation f this table refer to text.

,

Clast sizes (mean, axis diameter)

Mean size = 13.1 cm

Largest slze = 66:7 cm

Threshold Velocity
(converted to m/sec) =

)

Mean clast size
Largest clast size

Wave Breaker Height (cm)

Mean clast slze
Largest clast slze

Equations
5-1 . 5-2
1,80 2.20
4,05 4011
66 99
337 348

Hudson's (1958). method

Estimated Breaker Helghts (em) ?

Mean clast size = 3¢

Largest clast size = 205

Means of both methods

LI 4

Mean breaker height for mean clast size = 60
Mean breaker height for largest clast size = 274

*»

Mean

2.00
4.08

83
343

24 cm

I+

1+

I+

1+

69 cm

.

Estimate of Offshore Wave Helght from equation 5-6.

.

For mean glast size Hm = 48

+ 19 cm

For largest clast size H = 218 * 55 cm

0.20
0.04

e ta e A —— e e by ] e rma wes
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necessary for clast movement is providea by Hudson's (1958)
equaﬁiong“The equation was developed Eo estimafe the breaker
height that would initlate damage to a breakwater structure
consisting of variously shaped ﬁrmors. Using the experimental
damage coefficlent for freshly quarried,stone and the mean
conglomerate cross-stratification slope found ih the study area
(@150), a minimum breaker height limit may be estimated from
equation-5-5. For the mean clast size, a wave height of 0.4 m
was _sufficient, whereas for the largéét clast size,‘d wave / %/
height of 2.0 m‘was sufficient to initiate movement of angular
clasts. The resﬁlt of waves breaking on steep beach slopes or
cli% sugge thaf/;;;\wave height to mofe a givén claét size '
is r&ughly half th \height required by the solitary waves. Part

of the difference Wﬁy be the consequence of wave reflection off

o — ‘

the /steep beach slope increasing the wave energy transmitted to
._th ciaét. The dominant breaker height'thét éctgally;moved.the

mean and largest clasts probably was somewhere between Dott's
.rand Hudson's,predig&ed valués {(mean 60 =+214 cm and 27& E69 cm,
respectively; table 5-1). .

If the storm wgveé dlid not break until reaching the
sloping beach face ( a possible condition for "short period waves
during high tlde or storm surges) the slope itself influences
the breaking‘prodess. The slope Increasgs both the breaker
_hé%ght anﬁ the water depth of wave breaking (§ilvester, 1974;

D. 251). Le Méhaulé and Koh (1967)used equation 5-6 to determine
the ratio of wave breaker héight to the @eép water wave helght.

Under conditions of maximum deep water steepness (%; b fﬁ) and



perpendicular wave'incidence on the shoreline, equation 5 6
‘predicts -that the offshore wave helghts required to move the

mean and largest clasts were 0 5 mand 2.2 m respectively

(table 5-1)% _ ) - , a

.

Ripples . % .

Small scale. ripples predominate within the Ottawa
Basin (figure 5-2; table 5—2), having a wide range in indices.
(figure 5-3a and 5-3b; table 5 2) and widely diverse forms.
Both mean ripple index (RI = 10.8 # 0. 2) and mean ripple .
symmotry index (RSI = 2.7 + p. 5) lie within the limits of
asymmetric ripples while their modal values occur. within the
limits of symmetric ripples (table 5 2; Reineok and Singh} 1975;
p. 27-28) -

Ripple indices show considerablelvariability‘within
individual ribple sets (defined as 25 or more ripples on a bodding‘
plane haviog same orlentation and size). Some ripples having
RSI values of one may show RI values from 4 to 43, With such
-wlde ranges in indices classificafion of individual ripples into
symmetry classes was not always possible Suggestions by Reineck
and Wunderlich (1968) that compaction of strata 1in anclent sedi-
ment may distort the ripple index and size does not appear to
have been the cause within the study area. High porosity
(Wilson, 1946; p.'13),‘genenélly high roundness and sphericity
values {(chapter H} and absencédof signifioantypressure solution
featuresiappear to eliminate méjor diagenetic compaction. In
support of this, occurrences of Interference ripple sets

N
-
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RIPPLE I‘h\iFEx- FREQUENCY  DISTRIBUTION
-
fsymmeTrRIC—] -
01 tjijMETulo-——wl .
CURRENT RIPPLE—
__ NUMBER OF RIPPLE SETS » 257
- ] MEAN RIPPLE  INDEX (X}« 10-8%0-3
£ 204
. ' STANDARD DEVIATION = 4-97
o x -
Y _ Rl = MN/D.
. ) .
o
w —
[+ 10 4
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o [_- . . l _'_I l 1., I'_II . . | |
[v] 10 N 20 30 40
. . RIPPLE INDEX (R I} \Tl
Figure 5-3a .
RIPPLE SYMMETRY INDEX" ‘f':REQUENCY DISTRIBUTION
NUMBER OF RIPPLE SETS = 257
307 RSl = A/B :
MEAN RSI {X)s 27% 05 . A I B
{9 ' 1
D
; ] !
< 20+ MEAN g/% {X) + 0-27%0:0l | . bN |
£ " . A
N ‘
.0 L
= .
E “— ASYMMETRIC mpPLes—qL—CURRENT RIPPLES—
9 o . .
& 10~ X .
& .
() (T
. a8/ _
[+ 1.} 04 03 02 0
L 1 1 1
LB 1 L T 1§
] 2 3 4 5 10
Figure 5-3b RS1

) ’ ~,
Figures 5-3a and 5-3b: Refer to text for detall ed discussion of figures.
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TABLE 5-2

RIPPLE STATISTICS FROM THE BEEKMANTOWN SILICICLASTIC STRATA

Y

Number of measured ripple sets = 750
Mean ripple length (1) = 4,14 * 0.14 cm
_Range of ripple lengths = 0.8 to 24 cm

[

Mode ripple length = 2.5 cm

Ripple Index (RI) = ripple length
ripple height

Mean RI = 10.77 # 0.18

RI range = 1 to 43. ﬁ\\\

RI mode = élj

Ripple Symmetry Index = Length of horizontal projection of stoss side

_ Length of horizontal projection of lee side |
(RSI)

_/ Mean.RSI = 2.7 % 0.5
SI range = 1 to 14

-

RST mode = 1,04

(Reineck and Singh, 1975; p.27) x

87
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Interference ripples represent 48 percena of the
ribble séts measured in the study. The most common form consists :
of gymmetric straight or slightly undulatory crested ripples,
crossed by smaller asymmetrlc or current ripples (Reineck and
Singh, 1975; p. 27-28) that tend to be orientated perpendicular

to the symmetric ripple- crests (figure 5-4), Similar ripple

patf/;ns have been reported from tidal\flats (Reineck and- Singh

1975; p. B366-369: Komar, 1976: p. 376: Klein, 1977; p. ]éll), ¢
where decreasing water depth during+ebb tide changes the ‘

~—
symmetric wave ripples. to increasingly asymmetrlc forms as the

\\ .
wa%e‘symmetry 1s progressively altered on shoaling (Komar,l976;

p. 376) or superimposed tidal current increase. Late stage

. drainage‘between-the 1arger ripple crests forms current ripples
A~ '
l-

as the offshore ebb flow is directed toward larger channels-‘
(Komar, 19f§% p. 376). Frequent occurrence of truncated ripple
crests (location B8, 48, 57, 61, RR2, .0- M), glauconitic lag
deposits coating ripples (location 32, 47, U48) and desiccation
cracks cutting the ripples (occur at 30 % of the 1ocations) .
suggest periodlc emergence.

The ripples occur in fine grained (mean Mz = 2.47

%'0.05¢),quartz arenite or quartzwacke beds showling low.to

moderate biloturbation in the form of Skolithos and Diplocraterion

burrows and generally low mud content (mean 14.2 % 0.08 %).

1hﬁthhough the abundance of interference ripples and desiccation
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Flgure 5-4

) . _,'i’ . ’:' ‘ ‘ 7
Figure 5-lUg L

+ Interference ripples; Stréight crested symmetric

/ -

ripples (trough axes paréllel tpﬂpen) crossed 'by later stage

‘ . -3 .
e undulafing,crested asymmetric ripples (paleoflow in direction
' of pen thp).
r/\ r X | K
oL
g /\.
~/
Figure 5-Ub~ g .

¢
E ]

' . Ripples showing the presence of Repichnia mark-

~

ing. Both filgures 5-4a & 5-U4b show thin glauconitic lag
.depositg over rippleﬁf -7 -
Hepvelton member ‘ . '.7.
Locatlion 48

Scale: pen = 16 cm
o~ .
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oracks suggests an upper intertldal setting for the ripples,
the generally low mud content within these sedimants indicates

)
to support an intepmediate sltuation

sufficient wave activity to transport the mud offshore The
conditions would appear(ﬂ

“\“-
between a wave— and tide- domina t sett&ng

= " . . -
R L f)/
] .

ve Paleohydrodynamics~from ﬁipples

L}

7([’ Dingler (in Clifton, 1976; p. 133) introduced three

forms of symmetric ripples. Orbital nipﬁios are ripples in

"jwhich a 1inear relationship exists between the wave bottom

orbital diameter (do) ‘and ripple length (A). Komar (1974) found
the relationship to be given by equation 5-7 (figure 5-5).

Suborbital ripples (Clifton, 1976; p. 133) are ripples with

length dependent upon both the wave bottom orbital diameter and

sediment size. From Inman}s (1957) approximation curves (figure

5-5) equation‘5-8 was obtained. This equation for fine gralned

sediments is in reasonable agreement witn Inman's curve but, for
coérser sediments the agreement rapldly decreases. With the
_najority of the ripples occurring in the fine graéned sand (Mz =
2.47 £ 0.05¢), eouatton 5—t is consldered adequate for the

estimation of the wave bottom orbital diameter in this study.

N b
Anorbital ripples (Clifton, 1976; p. 133) are ripples with

lengths indépendent of the wave bottom orbital diameter, depend-
ing only on the sedimont size'by the relationship gilven in
equation 5-9,

- By employing equation 5-10 to separate the orbital

and suborbital ripple conditions, it is possible to evaluate

A}
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RELAT&ONSHIP ‘ BETWEEN RIPPLE l;ENGTH 8

~

WAVE  ~BOTTOM ORBITAL DIAMETER (modified after
Komar (1974) and Clifton (1976), ) a
'j.
5.007 . e TF
~——— INMAN(I557) ORIGINAL CURVES
KOMAR (1974) -do=l-2-5 N
100+ \ -
j «—-—-— EQUATION 3-8
R K “ EQUATION §5-10
é
b o
-
O -
z E
w o
we
10
w
- . N
2
a —~
E 4 2"
1 w
~
Z
-
4
w
z
[
// bt
10 100 500
WAVE  BOTTOM  ORBITAL  OIAMETER (do)
{em) '
Figure 5-5 :

Refer to text for detailed discussion of figure.
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the ripple form and approximate the wave or bital diameter. From
200 ripple sets measured, only 7 show values transitiona} between
orbltal and suborbitai types. ¥When calculations were made from
these ripple sets to evaluate the deep water wave conditions,
only 1 ripple set indicated marginal suborbital conditions.

//ﬁ\ Komar (1974) found that the .bottom threshold velocity
required to initiate the formation of ripples by waves may be
approximated by equation 5- ll From the wave bottom orbital
dlameter’ and wa&ve orbital velocity, an estimate of the maximum
wave period for the waves that formed the ripples may be deter—
mined from equation 5-12 (ibid) This procedure suggests that

the mean wave Period was 1.36 * 0.07 seconds with a maximum wave

period of 3.7 seconds (figure 5-6; appendix 6). Under open

oceanic conditions waves normally have periogmjbetween 5 and 15

seconds (Silvester, 1974; p. U0) indlcating the marine body
within; the basin at the time of ripple formation had a limited
fetch. e |

" — From the wave period the deep water (depth greater

than half the deep water waveiength- Komar, 1976; p. 42) celerity

and wavelength may be directly estimated from equations 5-13 &

5-14 respectively Evaluation of the deep water wave height is

complicated by its independence of other wave parameters (ibid;
p. 37). From the Alry wave theory the maximum wave steepness for
any depth 'ls given B% equation 5-15, while the physical 1imit

of wave steepneSSfis glven by equatilon 5-16. Such extreme wave

conditions are unlikely to have prevalled for loH% within a

\>Iimited fetch condition. An alternative approach is to estimate

wave height by Dean's (1973)
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gdquation 5-17a that estimates the critical ‘wave steepness at
#hich‘the shore brofile changes from summer to winter profile
{Komar, 1976;‘p. 289). The scarcity of gecognizable offshore
bars within the study aréa suggests a prevailing summer beach
‘profile with wavg‘steepness less than or equal to the value in
eduation 5-1T7a f%e predioteg meén wave deep water height is
5,28 = 0.157cm;‘with the maximum wave height of 14 cm (figure
5-7). |

- In Qater shallowér than halq the deép water wave-
length, shoallng of the wave initiates. Under this congition
both the wave celerity and length progressively decrease as the
height initially decreases then 1ncre55es'prior to breaking.
Wave breaking occurs when the maximum wave steepness 1s obtain-
ed (equation 5-16) or maximum wave helght to depth“?atio
(equatioﬁ 5-18) 1s reached. Fromleqﬁations 5-19, 5-20, and 5-21
the wave celerity, 1ength and helght may be estimated for any
deptn; The water depth at which the ripples ;ormed may be
_dbtained using equation 5-22 and 5-23 to estimate the wave bot-

tom orbital diameter and veloclty at various.depths. The mean

L&)

predicted depth at which the ripples formed is 48.9 * 2.0 cm

(figure 5-8; appendix 6). c

Additional hy&rodynamic sedimentary characters may
be predigted from the wdve parameters obtained from-the ripples.
%omar et al(1973) found that the wave breaker height may be >
-estimated from equation 5¥2H. From the wave\breaker energy

(equation 5-25) and sediment size, King (1972 p. 330-331)

found that the beach face slope for sand slze sedimént may be

r

.3
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approximated by equation 5 26 The predicted beach face slope
for the mean sediment size in ‘the.study area 1s 1:415. This |
gradient ia toc low to be noticed in the fileld with the limited
dvailable exposures and may.expfain the scarcity of such recog-
nized features. Galvin (1968) found'that the breaker type occur-
ring along a shoreline could be predicted by equations 5-27 or
'5-28. Both equations suggest that a spllling breaker type prevalled
within the study area. Miller (1976, p. 106) in his study of the
surf zone sbowed'that offshore bars were formed by plunging type
breakers, whereas‘spiiling breakensﬁéended to erase them. The
apparent scaqcity of major bar features\withig the study area
would tend to support the spilling breaker tyoe _.

Equations 5 29 and 5-30 were obtained from the Miller et
al (1977,p.563) curve for the threshold velocity for incipient
movement of qugrtz grains under unidirectionalcurrents A rough
estimate of the depth at which.incipient movement of 8¢ size sahd
occurs may be estimated from equations 5L23\and 5-29. The pred-
lcted depth is 72 or = 1.3 m, which for a beach face slope of
1:415 would giﬁe for the prevailing wave conditions, a zone of\
. sand movement - roughly 0.5 km wide. | v

Wave parameters predicted by Alry's wave theory
appear to be consistent with the bedforms observed wlthin the
study area. éased on the ripple data, the prefailing wave cond-
itlon appears to have been one-of low energy, short period waves
that shoaled over a broad, gently sloping, sandy bottom. Spill-

ing type breakers prevailed along most shorelines,

Bretschnelder ( in Seymour, 1977; p. 252-253) found

LA
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that the significanf wave Qeight and period ( greatest 1/3“9f
their respective magnitude spectrum) under limited fetch ?
conditioqe could be estimatqufrom the mean wind velocity over
" a given fetch and given mean water depth (arbitarily taken as

= 15 m) bylequat}ons 5-31 and 5-32 res;ectiyely (figure 5-9).
These equations are dependent upon the duration of the prevéil—
ing mean wind speed that is given by Bretschn®der's (1966,

p. 1U1) equations (equation 5-33) and is incorporated in figure
5-9. o |

For a basin with a>limited fetch of 200 km and mean

F.}

depth of 15 m wind velocities of breeze force (Fairbridge, 196?,_

p. 991) would be suﬂficlent to generate the wave parameters
predicted from the ripple data. The mean wave helght and period
could havé‘beeh obtained from winds of 1ight breeze force

(1.1 to 3.3 m/sec; Falrbridge, 1967) while the predicted deep
water wave heighgkrequired to move tﬁe meaff conglomerate clast’
required winds of only gentle”breeze force (3.4 to 5.4 m/sec;
ibld ) over 3 hours and a fetch greater than 20 kﬁ? The largest
clast size required winds of fresh gale force (17.2 to 20.7
m/sec; ibid) over a minimum duration of 5 hours and a fetch
over 50 km.

Based on weve parameters obtained from both ripple
and conglomerate ¢last sizes, the model of e restricted fetch
across the basin appears reasonable. A barriler lsolating the
basin from-the Apetus Sea (Keppie, 1977; figure 1) to the east
must have existed during deposition of the Beekmantown.Groupu

in order to restrict the fetch.



<+
\

' | 100

; . Distances of the order of 200 km, similar to the 3

"distance between the Frontenac Axis and Beauharnois Anticline,
appear tc heve been sufficient to generate the required wave

intensity without the need for exﬁiaordihery wind intensilties.
From figure 5-951d13mrepancy between the expected mean wave
height (He ~ 17cm) and the- ‘predicted mean height (H°° = 5,28

cm) is apparent Assuming that the discrepancy is the result

of internal viscous damping of the wave, an estimate bf tge

time required to decay the wave height 1s g7 by quaticn 5-34,
The disfance over which the wavee have travelled may be aﬁpr@xr
imated from the wave group velocity (equations 5-13, 5—35). The
results suggest thet a distence of 92/km would be suffilecient to
dampen the wave height to the indicated value. Adding this dist-
ance to the minimum required distance for the wave height (1 km

at 15 m/sec to 100 km for 1 5 m/sec wind velocity) the estlmated

distance across the basinwas between 100 and 200 km

Asymmetric Ripples

*

The degree of ripple asymmetry may be attributed to
superimposition on to oscillatory wave motion of a currert, such
T

as a linear current generated by the wave asymmetry (equaﬁion

5-36, Clifton, -1976; p. 128), a mass tfanspopt current beneath

¢
the wave (equation 5-37; ibid, p. 128), a current Independent of

the shoaling waves, or a combination of these currents. )

T

\-v
Clifton (1976; p. 138) plotted the maximum bottom
current vs rilpple asymmetry from data obtained in studies by

-
Inman (1957) and Tannar (1971) and_showed a direct relationship -
A

\
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existee (figqre 5-10a). From this data the eest fitting curve
was obtained (equation 5-38). By subtracﬁing the_meaﬁ value of

{the predicted'wave induced eurrent from the predicted current
required to produced the, ripple's asymmetry, 1t should be
possible to estimate the magnitude of any superimposed current
(figure 5-10b; appendix 6). Wave induced 1inear currents appear

‘sufficient to have caused the ripple asymmetry only for B/A

' values greater than 0.45.

| © Silvester (1974; p. 198) found that the wave induced
eurrent.within the boundary layer for a progresslve wave was

- maximum at a distance_of one- ﬁird the thickness of the boundary
layer (equation 5-39). Knowinz the maximum superimposed bottom °
current (figure 5-10b), the heighf'ébove the bed where the bottom
current ie maximum and the bed roughness element (equatiop 5-40),
an estimaee of the hear—beq veloclty may be obtained from the
Karman; Prandtlrequation (equation 5-42). The estimated mean near-

. bed velocity (G%— 1.31  0.10 em/sec) 1s sufficient to 'maintain
incipient movement of grains finer than 2.3¢ size (equation 5-29).
This roughly corresponds to ghe mean backwash‘truncayion point
obtained_frqm the grain size distribution data (BW = 2.13 + 0.03¢
‘appendix 3). '

h - Using the near-bed velocity aﬁd water depth, estimates
of the mean superimposed current velocity may be obtained from

Y tfrom equation 5-42. The predicted current ranges from -2.2 (opﬁosing

"direction of wave propagation) to 135 cm/sec, having a mean velocity
of 27 = 2 cm/sec_ﬂfigure 5-11). These values are consistent with

qual current

) - | . 'i: ‘ | | i
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Figures 3-10a and 5-10b: Refer to text for detailed discussion of figures.
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veloclities reported from tidal flats that range from 30 to
50 cm/sec and may reach 150 cm/sec in tidal channels (Reineck
and Singh, 1975: p. 359).

Cross Strata

g

Cross strata within the study area are characteriz—
ed by their generally small scale, which ranges from 1 to 70
em in height . (mean height™’ = 9.7 ¢ 0.7 cm; figure 5-12).
This range'overlaps both the suggested 4 em (Allen, 19703 p.
70) and 6 cm (Reilneck and Singh, 1975; p. 29) height boundaries
used to separate ripples from megariﬁples. Within the ba;in
most créss strata,gre straight crested to weaklg undulatory
ripples and megaripples with angular to tangeﬁgial_foresets.
Large planar cross strata ggreater than 30 cm in
*. amplitude) occur locally in outliers on the southwestern edge
oflthe Frontenac Axis (location 38, 40), near the south-
we§tern corner {location 10) and northwesterh cornérs ﬁf-the
basin (location 0-49), usu 11y showing a uﬁ&directional orient-
ation Smaller cross str tal sets commonly form symmetric or
asymmetrlc herringbone .cross stratification tﬁat frequently
spows'reac tvation surfaces (figure 5-13 and 5-1&):'1n
sevefal places (locations N7 b7, & 61) there are patterns of

symmgtric herringbone cross strata in which the alternating

erred orientations (figure 6-7). Suchjfeatures

have been interpreted by Klein (1977) as representing time-

velocity asymmetry in tidal sequence. On average the mean

.-

cross strata‘are'formed in coarser érained sediments (Mz =
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Figure 5-13

Cross strata with reactivation surfaces (;). The
section shows a regular pattern consisting of (1) asymmetric
cross strata, (2) small scale ripple sets ?, (3) argillace-

" ous parallel planar sets. Sample from the Heuvelton member,

location RR 2.

) o
.

bh

Figure 5-14
Symmetgic herringﬁone cross strata grading into
‘argillaceous (darker areas at top) parallel planar sets. Dark-
spots 1n sections are Endichnia b;rrows rich in mud. Thin-

slab section of Heuvelton member, location 0-4 (Queensway

roadcut west of Ottawa). ' S

L 8
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.

0.084) than that in which ripple bedforms occur (Mz =

I+

2.28

[+

2.u7 0.05¢) suggesting that bofh the hydrodynamic flow and °
sediment size chaﬁge contributed to the change 1in beliforms
(Reineck and Singh, 1975; p.11-12).
| Festoon shaped cross strata along the western flank\
of the Frontenac Axls (location 35, 37) range in thickness
from 5 to 50 cm and are up to 1 m in width (location 39},
These c¢ross strata occur in medium grained sediments and are
assoclated with large scale channelg, Lunate megaripples of
gimilar scale have been reported by Clifton et al (1971) in
the inner ro%gh zone of a non-barred high energy coast.
Low angle planar cross strata dipping between 5°
and 15° toward the basin (location DW-10, 61A) occur in some .
places. Alternation of these beds.with cbﬁglomeréte beds -
(location 61%) or the alternating lamination of heavy minerals
with quartz grains (location DW-10) suggests that they are

beach foreshore deposits, such aslsana runs (Bluck, 1967) or

swash zone deposits ( Clifton et al , 1971)}.

N
- Paleohydrodynamics from Cross Strata

4
Analysls of paleoflow parameters 1s complicated by

the unsteédy reversible flow and changing depth associatgd

with tidal env;ronments aé well as the.dependence of the bed-
forms ?n gsediment size and paleoE}Ow parameters. A partial
sfmplification of the various unknown paleoflow parameters is to
assume that the Karman-Plandtl equation (equation 5—&2)lis

valld and that paleoflow velocity 1is dependent on flow depth.

'
[
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Allen (1978, p. 1?7-178) found that a plot of the
relative height ( defined as the ratio of bedform height to
flow depth) versus the Shields- -Bagnold non-dimensional bed shear
stress, 6, (equation 5-43) relating bed shear stress and sed-
iment mass, gave a continuous smooth curve (QEEQ‘; p. 178).
From this curve, Allen (1978; p. 177) obtained the polynomial
equation (equation 5-44) that he named the " Stein rule"

( ibld; p. 180). The Stein's rule curve initially shows an
increase in relative height with increasedbed shear stress

up to a critical shear _stress ( 8 v 1.25). It then rapldly
decreases with additional shear stress until the relative
-height approaches zero (6 ~ 1.50). o ’ K

Allen (1978; p. 182- 183) recognized three types of
response in relative height, depending on the range and mag-
nitude_of;the unsteady bed shear stress. In regime 1, in which
the bed shearlstress range is less than the orit cal shear
stress(® ~ 1.25), the relative height increased with increased
shear stress. In regime 2, in which the bed shear stress is
greater than the critickl shear_ stress the relative height
decreases with increasing sheer.stress In regime 3, the bed
shear stress ranges over he entire Stein's rule curve, the
maximum values for the relative helght occurring at minimum,
intermediate and near maximum shear stress.

Under unsteady flow conditions bedforms may not be
able to respond qulckly enough to obtaln the relative height

values predicted by the Stein's rule. However, when the relat-

lve heights are averaged over a long time interwval, Allen

-
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(19785 p. 168) found the value to be within 20 % of the value
predicted by Stein's rule. Since the migration of beﬂforns
generates cross stratal sets, regularity of sets over consld-
erable distances should provide long term averages of the
paleoflow parameters using Stein"s rule. '
In equation 5-44 and 5-45 only the dimensional bed
shear stress and the paleoflow depth afe unknown and must be
estimated independently of the Stein's rule equation. Simons and
Richardson (196?T‘found in steady unidirectional flow, that
the bedform height increased with increase in Froude number
(equation 5-46) within the lower flow regime (Reineck and
Singh, 1975; pi 8). This is simllar to. the Stein's rule, reg-’
‘ime 1 condition. Since the Fnoudegnumber relates the mean
flow velocity and flow depth, an independent estimate of these
parameters by means of the Froude number and Stein's rule can
be obtalned from bedform height, under 1imited conditions.
The bed shear Stress, TU, is related to the mean velocity by
equations 5-41, 5-42 and 5-44. Using the arbitary boundaries
for the initiation of ripples at 0.1 cm height (minimum
measurable heighf) at Fr = 0.15, initiation of megaripples at
4 ecm height (Allen, 1970; p. 70) ‘for Fr — 0.30 and the maxim-
m megaripple height of 150 em (Relneck and Singh, 1975, p.'3h)
at Fr = 0.40, equation 5-47 was obtained. Under conditions of
//zlgime 1 (subcritical flow) 'a given bedform helght should give
a simllar value of tne Ffoude number througn the Stein's rule
and by equation 4—47:-If.the flow conditions .were in regime 2

or 3, the calculated Froude numbef should be less than the
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- value given by equation 5-47. *

With straight or undulatory crested ripples and
megaripples with planar sets domlnant within the basin, low
to moderate tranquil flow condltions (regime 1) appear ’go have
prgvailed. By ilnecreasing the value of 8 by increments in equat-
ion 5-45 and testing the resulting Froude number against

-

uation 5-47, an estimate of the paleoflow conditions is

obthined (appendix 7). For regime 2 or 3 conditions in which
’ Stein's rule estimate and eqdation 5.47 values of the
Froude nﬁrber are not the same;the cloéest approaching values
of Froude number was taken (8 = 1.25). i

Figure 5-15 11lustrates the relationship of equat-
lon.5-44 and the Stein's rule for various sediment sizes for the
mean cross strata height (H = 9.7 em). For sediment finer than
2.3@ saze, regime 2 or 3 conditions should prevall, while coarser
sediments would prevail in regime 1 conditions. It will be noted
that th& critical sediment size is close to the mean sedimeét
slize for the cross strata found in the study (D¢ = 2.28 =+ 0.084¢
As a test of the validity of"the above assumptions the estimated
paleoflow strength to sediment graphic mean size was plotted
against Allen's (1968, p., 144) bedform fields in figure 5-16 .
Despite the crudity of some o; the approximations used (such as
the relatlonshlp of bedform height to Froude number) there is

good agreement between the Allen's bedform flelds and fhe data

over the range In which Allen had experimental data for sed-

‘iments defining these flelds. For regime 2 and 3 data finer

. than 2:5¢ size the data no longer fall within Allen's transition

fleld,. Absencé of direct experimental data in this range prevents

.\' ‘
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PALEOFLOW - POWER vs MEAN SEDIMENT SIZE,
SHOWING BEDFORM FIELDS after A llen (l1968), -
10°4 ' ~ . ‘
1 Aﬂ-nD““E
BED?"
ANE  ppase
P‘I\m"
10" -
—
it 10 4 c ¢
< ]
E m
v fe
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Figure 5~16: Refer to text for detailed discussion of figure.
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the testing of these data as to validlty.

The predicted tross stratal mean/depth (h = g 1 &~
3.7 cm;'TiEE;e 5-17) 1s comparablé to the value obtained from
r;ipp'l_es using wa&e theory (48.9 + 2.0 cm), whlile the predicted
floa veloelty, -ranging between 8 and 90 cm/se¢ (mean velocity
= 62.8 + 5.2 cm/sec; figure 5-18) 1s consistent with veloecities

reported for modern tidal flats (Reineck and Singh; 1975; p.359).

Evaluatioh of Paleotides from Bedforms

A ,regular transition in bedforms appears to occur
with increasgn.gﬁg

:urrent velocity : symme'tric ripples (U = 1.0
0.1'cm/sec), asymmetric ripples (U =22 # 1 cm/sec) ripple-
sized cross strata (U = 36 * 1 cm/sec), megaripple-sized cross
strata (U =70 = 5 cm/sec) and current ripples (U = 71 + 3 cm/sec

figure 5-19a). In contrast, studies by Flemikg (1977; figure 6)

of the Langebaan Lagoon show the. bedform sequence with'increasihg

\ . T
current veloclty in medium sand (D¢ = 1.7¢) sediments was from

current ripples to ﬁegaripples. Allen (1968, p.14l) plotted
stream power versus median grain size (figure 5-16) ahd\shewed
that, under the "TAme stream power; a decrease in sediment slze
may result in a change ffom megaripple to ripple bedforms. Such-

a‘chagge in sediment size with the bedforms was noted in the

I

.study area, with ripples occurring in;igeiment of Mz = 2,474

size compared to Mz =7 28¢ size for cross strata
The response of the bedform to 1ncreasing water

depth showsa similar transition of bedforms as that occurring

N
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. FISURE 5-19a
ESTIMATED PALEOCURRENT MEAN

VELOCITIES FROM

=
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-

o

Figures 5-19a and 5-19b: Refer to text for detailed discussion of figures.
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with increasing'current velocity: ripple-sized Cross strata
(h = 13.6 % 0, 6 cm) current ripplés (h = 36 E'Q cm), symmetric
& asymmetrlc ripples th = 48_1 3 em) and megaripple—éized-cross
strata (h = 58 + 4 cem; figupe 5—19b) 'Figure 5-19b shows that
symmetric and asymmetric ripples occurred at depths under 1.4 m,
suggestlng thlS was the maximum depth at which waves normally
could disturb the sediment. Megaripplejsized Cross strata{
however appear' not to have been éo étrongiy controlled by
- water depth as wéré waved-formed fipples. The cross strata occur
in water as déep as 1.9 m, suggesting the'current veloclity has
the greatest Iinfluence on these bedforms.

Based on either the maximum depth at which the bedforms
occura(h = 185. gm) br the doubled value of the mean depth
(h = 98 cm) the tide would appear to have a microtidal range

(Komar, 19?5, D. 137)-

Paleocurrenté ’)

Examination of rippies-and cross strata suggests that
the paleocurrent patﬁE}n'within the Ottawg Basin was more
complex than had been indicated b&'prévious_studies.

| Lewis (1963) did a regional paleocurrent analysis of
all exposures of the Pptsdam Sandstoné (siliciclastics of the
Beekmaptown Groﬁp) in Ontario, Quebec and New York State. The 7V
analysis was based on a two-dimensional moving average-of the
vector means of cross strata occurring within a gquadrangle
grid systeh: The results of this stuay suggestéd:

1. The prominent paleocurrent directions appeared to

—
~ at

i
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! trend south and southeast within the basin.
2. Current deviations adjacent ta the " Adirondack
_Messif, Beauharnois Anticline and Frontenac Axls suggested the

' 4

~/7ccurrence of structural highs at these locations at the time
of deposition.

/

3. Consistency of the vector direction in various.

TR L anEabe P R

lithofacles was interpreted as indicating a stable paleocurrent

-

pattern over a 1long interval of time. : .
Clark (1966, figure T) plotted both ripple marks
and cross stratification f:om the Covey‘ﬂi}l and Chateauguay
Formations in the Chateauguay region. Inyhds study ripple axes
were plotted to the nearest degree while d‘r'\oss strata were plotted ’!
to the inter-cardinal points (45 degrees interval; figure 5—20). :
‘The rose dlagram shows a prominent southeaet to east paleocurrent
direction in the area southeast of the Beauharnois Anticline, , i
supporting the treﬁd noted by Lewis (1963). Despite displacement

of the order of 450 m along the Stockwell -Havelock Faults (Clark,

1966 p.43), no distinguishable change in the paleocurrent patt-

ern across the fault is evident. This would appear to indicate a

stable easpward paleoslope throughout the deposition of the

- Potsdam Formation, east ef the Beauharnois Anticline.

' Physical differences 1n the pbedforms have been repert-
ed between ;he Potsdam members in thils erea. The Basal member
(Cevey Hill (restricped)‘Member) is characte?ﬁgad’by trough eTOSS

\\\Hd/(f strata that range from 0.1 to 0.5 m 15 height (Clark, 1966; p.

’// 16; Hofmann, 1972; p. 17-18). The Ausable Member (Riviére aux \K\J

Outardes Member) contains large swales (8 m wide by 1.5 m deep;

(
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Clark, 1966; p. 16) and ripples. The Keeseville Member
(Cairnside Member) is dominated by Sﬁall scale cross strata less
than 10 cm high (Lewis, 1963; p. 37) and abundant ripples (Clark,
1966; p. 24). These changes in bedform scale are interpreted
as representing a decrease in wave energy from the deposition
of the Ausable to the deposition of the Keeseville Member.

Preliminary paleocurrent measurements of ripples and
cross strata within the study area established that rippile
orientatlion normally pave just as cdnsistent paleocurrent
orientations -as did-the cross strata and that beth bedforms
gave multimodal orientationé. Both bedforms were subsequently
grouped in reglonal rose diagrams and plotted at 15 degree '

- intervals (figure 5-20). . .

The resultant vectors of the 7 regional rQSe dilagrams
show a prominant counter clockwise circulation within the basin.’
Directional modes are elther bipolar (area 2 and 3), bimodal
(area Y and 6) or ult%modéfj(area 5 and 7). Mode peaks are
often separated By as little as 45 degreeé, suggesting thatk
larger size intervals than 15 to 20 degrees would not be able
to resolve the individual modes ((Clark, 1966; figure 7).

In ééme sections (location 48 and 61) the bedforms
show preferred-brientations with ripples forming one mode and
cross strata another (figure 6-9). These orientations are inter- |
preted as resulting from velocity asymmetry during different
intervals of the tidal cyele. On é regional scale this time
5hase-asymmetry in orientation averages out and no apparent
orientation 1s dominated by the ripples or cross strata.

Deflection patterns in the paleocurrent orientation

[
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.near‘the edges of the Frontenac Axis are simllar to those obser-
ved by Lewis (1963, figure 17}, suggesting fhe exlstence of a
structural barrier along theIexis'during‘siliciclastic depositiog.
Outliers occufring across the Frontenac Axils show a weak bimodal
orlentation with the major orientation towards the south. The

.

pattern may indicate the occurrence of restricted flow across

the Frontenac Axls.

Channels

Within the basin, chennels are marked by extreme
bloturbation, Skolithos burrowing to depths of 20 to 60 cm and
petrologlcal differences from beds they cut ( such as increased
mud, carbonate or feldspar). These channels range between a few
centimeters and a meter in depth (locapion 61) and vary in width
to depth ratio from 15 to over 50. The channels are commonly
surrounded by hefringbone cross stratified beds and are consid-
ered to be tidal in origin. The infrequency Qf:me;e channels at
most locat;ons‘suggests that the tidal flat gredient and tidal

range were low.

West of the Frontenac Axls there are large scale
channels (lecation 36) up to 7 m deep with width to depth ratio
less than 3.. The channels are filled with medium grained, poorly
sorted quartzitic sandstone marked by channel- fill cross strata
(Relneck and Singh, 1975; p.91). Bed load deposits of small
cobble size clasts occur in some channels with the clasts dipp-
~ing in a northwestern direction paralleling the channel axis

(figure 5-20). The nature of these channels; suggests both hilgh-
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er energy and volume of drainage of the tidal flats in the west

side of the Frontenac Axis than those within the basin,

Flaser and Lenticular Bedding

I; Flaser and lenti%ular bedding (Reineck and Singh,
1975; p. 97-113) occur wlithin the Theresa and Buck Bridge
Forﬁétions. Wlthin the Heuvelton member, flaéer bedding ranging
from simple to bifurcated wavy types ( ibid; p. 98), with
both shale and mierite lenses occurs within the quértzose
sandstone (figures 5-21), Wavy and lenticular bedding occur
within the Theresa Formation and March Member, wheré fine quartz-

. ose sandstone lenses occur in argillaceous dolomitized micrite

(figure 5-22). Gradation from flaser to lenticular bedding occurs.

both vertically and laterally in the sectlon, reflecting variat-

ion 1n paleoflow velocities and duration;

Bloturbation

L 4

Bioturbation within the sllleciclastics ranges from
traces In the Keeseville, to extreme wiéﬁin the Theresa Form-
atlon (flgure 5-24). The bioturbation tends to incréase with
increasea mud and carbonate- content.

Skolithos and Diplocraterion burrows occur wldely

within the Heuwelton member. Diplocraterion burrows commonly

show high density along regularly spaced .bed interva;s
(figure 5-23). Burrows range from 5 to 15 em in depth, frequ-

ently show reactivation features (Reineck and Singh, 1975;

—_—

[ O T S



‘Figure 5-21

Wavy flaser bedding; having long laminae of mud

(dark) lenses in very fine to fine quartzitice sandstone

laminae, with small scale ripples Heuvelton member, locat-

ion 0-4 (Queensway section west of Ottawa).

Figure 5-22

Lenticular bedding with connected flat lenses;
argillaceous dolomitized micrite (dark) with lenses of medium

quartzdgdse sandstone partly disturbed by burrowing March

Member, location 56 (Highway 42, 6 km east of Soperton).
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Figure 5-23

Diplocraterion burrows at regularly space@

ihtervals in the Heuvelton member. Locatlon 17 (hammenﬂf=35

cm long).

Figure 5-24

Extremely bioturbated sediments; bloturbatlion has
destroyed all evidences of primary sedimentary structures in
this Theresa Formation sample:. Sample from near top of'form—
ation shows lenses of fine quartzitic sandstone (a). Brach-

iopod shell fragments (black clasts) common. Locatidn M01—§/

(junction of MacDonald-Cartier and Thousand Island Highways). °
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p. 152). SKolithos burrows range from 5 to 20 cm in depth along
most beds, but in large ﬁidal channels may extend to depths of 3\
60 em.,

L.

Y .
e

Conodonts were found in all siliciclastic beds in
which sufficlent carbohate exists to permit extraction suggest-

1ng a wide distribution of the fauna within the basin Gastropod

fragments particularly Ophileta and . Eccliomphalus shells occur

spar8ely throughout the Buck Bridge Formatfon.

Carbonate Sedimentary Structures

The carbonate strata (March Member and BeauharnoiS'
Formation) within the study area may be grouped into six stand-
ard microfacies (Wilson, 1975; p. 63-69) that are predoeminantly
associateo with restricted lagoons or protected supratidal or
intertidal environments. Occurrence of rhythmite bedding tran-
sitional between the siliciolastio and'carbonate straéa suoports‘
the occurreﬁce of a gradual changejin paleoenvironments between
these within the(March_Member. |

L

;

. | .
Laminated to Bloturbated Micrite (SMF 19)

L] -

-

Laminites occur extensively within the middle and
upper str%ta of the Beauharnois Formation (appendix 1). The
microﬁaoies occurs as a finely interlaminated dark arglll-

+ aceous dolomitized micrite (N2 to de and lighter dolomicrite
(N3 to N5). Fine sand or silt size gralns are frequently scatt-

.\Ted along the dolomitized micrite laminae. In some places . =
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the normally millimeter thick laminae thicken to centimeter scale

. beds consisting of dolomitized pelmicrite. The microfacies .grades
i

from stromatolitic calecisiltite and rhythmite beds to homogeneous

unlaminated dolomitized micrite.

Gastropods are the only recognizable fauna within/ty%l

microfacies. Vugs of sparite andusmall desiccation cracks otcur
sporadically The microfacies 1s considered to represent deposlt-
ion in very rettricted tidal bays and ponds (Wilson, 1975; p. 68).
Ite’position between the stromatolitic'and'homogeneous mierite
microfacies as wel} as the high degree of bloturbation favours.

a low subtidal or nearshore environment where aeroblc conditions

prevalled, with occasional storm-generated waves to disturb the

bottom sediments.

Stromatolitic Micrite {(SMF 20)

3

Stromatolite microfacies prevéiixﬁithin the March and
lower Beauharnois strata.lThe microfacies consist of alternating
laminae of trapped detrital mud, sahd or micrite up to 1 cm
thick with thinner darker micrite “laminae (NB—NM). Thinning and
thickening of leminee is common, particularily over irregular-
itles. Both smooth mat (Kinsman and Park, 1976) and coiumnar
stromatolites (Hoffman,j1976);dcgur;

. The snooth‘mét stromatolites (figures 5-25 ) consist
of generally reguiar.iaminae Sf fine sand or mud rich micrites
that alternate with-thinner dark micrite. The detrital lagpinae

range from a few ‘mm to nearly a2 cm 1n thickness with most lam-

inae less than 5 mm thick. Gebelein (1976, p. 385) considered

t
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Filgure 5-26

Smooth mat and bulbous stromatolites (SMF 20)y Vand
small scale bwlbous stromatqlites (right of hammer head) infer-
fingering with arendceous smooth mat type stromatolites.

March Member, location WRR 3 (hammer handle = 3i em long).

Figure 5-27

. Bulbous type stromatolites(SMF 20); overturned
large scale bulbous stromatolite showing internal basal smooth
mat type 1aminations. The stromatolitic top has been truncated
with further growth occurring horizontally in the direction of
primary paleocurrent flow (?). SMF 24 microfacies 5n crest of
stromatolite probably caused By wave action. Beauharnois Fm.,

location 0—8 ( hammer handle =35 cm long).

| & . o S J
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the smooth mats to prevail in low to moderate wave energy upper
tidal zones where reworking and injection of surface sediments
by grazing and burrowing invertebrates 1s retarded. In modern
environments the lower boundary. of the smooth mats, where
invertebrate reworking eliminates laminated sediments,dccurs
bétween the 25% and 50% submergent frequency (Gebelein, 1976).
Frequent occurrence of 'deslccation cracks and glauconitic lag
deposits assoc&ated with the sﬁooth mats substantlates the
intermittent exposures of the mats, while onkoidé and ripped
up intfaclasts withponcentrationsof éand'grains sugpgest
intervals of high energy currents over the mats (locations hi
46, 8, 56 and 0-6). I |

Columnar stromatolites (figure 5-26 and 5-27) occur
less frequently and are generally closely associated with smooth
mat form. Sizes range from small domed mounds (1ocationisRB,
0-6 and 0-7) to massive columns up.tb 0.5 m high and 0.8 m
wide (location 0—8; figure 7-25). The presence of onkoids
between the larger columns and truncation of their tops
suggest that these stromatolites occ@r within a higﬁ energy
wave zone, such as a surf zone. ‘

At a few locations (location HW16) vugs of sparite,
dolosparite, galena or pyrite distort the laminations of the
stromatolite, suggesting syngenetic .deposition (figure 5;285.
One possible origin for the metal sulphide deposits within
a dominantly oxidizing shallow water envifonmgnt may be
the-co-precipitation of metals 1n the host rock dolomite under

conditions of hypersalinity. During subseguent dolomitiz-
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ation the metals formed comple;es with products of algal decom-
position and were released into pore solutions that migrated to

the site of deposition:(Trudinger and Méndelson, 1976; p. 670).

- Micrite with large Onkoids (SMF 22) ~

Dolomicrite or dolosiltite onkoids ranging in dia-
meter from a few mm to several cm oceur between columnar strém—
étolites (location 0-8) as channel -lag deposits (location 0-7)
or intermixed with ripped up intraclasts in beds'alternating
with SMF 19 and SMF 21 microfacies (location RR3; appendix 1).
The microfacies ocecurs in places of "high energy aggregation such
as on the edges of shoals lagoons or channels (Wilson, 1975;

p. 69).

Unlaminated ﬁomogenaum Unfossiliferous Micrite‘(SMF 23)

Unfossiliferous deposits of unlaminated homogeneous
dolomitized micrite increase in abundance up the Beauharnois
‘succession. The microfacles consists of homogeneous micrite in
thin to thick beds with no evidence of macrofauna. Mud content
varies wildely, sometimes épproaching the composition of calei-
siltites (location 15 and 48). Selenite crystalg, vugs and
sheet cracklng on or within dolomlcrite béds'suggest formation
in evaporitlc tidal ponds (location 43 and 401-3; appendix 1)
whiie the occurrence of allochthonous gastropod deposits at the
boundary of SMF 19 and SMF 23 beds favours én environment -

marginal to euxinic conditions within the subtldal zone (locat-
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ions 43, 55 and 73). At other locations, rapid changes from'h
SMF 19 and SMF 23 to SMF 24 microfacles indicate the deposit-

ion was influenced by major storm waves..

Coarse Lithoclastic-Rudstone or Floatstone (SMF 249

Clasts of SMF 19 or SMF.23 mlcrofacles in a matrix
of quartzose sandstone or Sandy calcisiltite occurgwidely through-
out the carbonate stra@a. The deposits were found as thin to
medium thick beds over the beds of SMF 13, SMF 20 and SMF 23
microfacies or aé channel ?1115 and are cénsidered to have
formed by high energy storm or tidal activity (Wilson, 1975;
p. 62; figure 5=29).

Lag Deposits (SMF 14)

Sand or mud rich glauconitic deposits occur within
the Heuvelton (1ocationé.27, 28, u7 and 48) and lower March
(locations 46, 49, 57 and O—U). They range from thin mud laminae
coating rippies (locations 47 and 48) figure 5-Y4) to medium '
sand rich beds several centimeters thick (location 46). The
presence of desiccatlon cracks cutting the miqrofacies suggest
periodic exposures. -

Round black coated.sparite pebbles occur wlthin the
cross strata at location U48. They are thought to have been fopm—
ed as algal coats in subéerially exposed saline ponds in supra-

tlidal environments (Wiison, 19753 p. 8l; figure 5-30) .

\
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Figure 5-29

Coarse lithoclastlc ‘rudstone (SMF 24); Channel

deposit conslsting of dolomicrite and dolomitized milcrite clasts

in anargillacéous dolomlcrlte cement. Beauharnols Formation

from location 0-6,

1)

L

26
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FIGURE 5-29



Figure 5-30

Black coated sparite pebbles (SMF 14); the
coating on the clasts vary from a few mm thick to the entire
clast. The clasts occur in quértzitic sandstone cross strata

with sets dipping in direction of pen‘tip. Heuvelton member,

=

location 48.

UScale: pen = 16 cm.
o



PR



=

.- ) s 135

Beach Profiles

i

The sedimentary structures and textures suggest four

types of beach profile within”the study area. The form of the

profile was dependent upon the relief of the basement which the

beach oéerlaps or tefminates agalnst, the sediment size and type

avallable, the type and activity of organisms and or wave in-

tensity 4n relation to the stre gth.and range of Ege local tides
(figure 5- 31)

Storm Beach Profile; rﬁwf) : : '

[/ . -

-

Cobble and boulder size clasts were ‘deposited at the

base of steeply sleping basement ridges whére the waves were

’

abruptly broken before significant shoaling had occurred. Only

under severe storm conditions could the largest clasts be moved

significantly (figure 5-1). Their rapid gradation into lentic-

6— .
ular carbonate'strata,(location 401-4) or normal wave and tidal

controlled sandstone (location’TU7“§£;;;;t the infrequent

movement of these clasts (figure 5 31la).

High Wde Shingle Beach - . /

T >

Pebbles were deposited where the basement Slope was.
~ 3

gentle enough to disperse some of the wave energy by shoaling "

prior to breaking (locations 19, -DW-3, DW-6, DW~11).'§BT?sition
occurred primarily along the high tilde terrace.

The transition frem the shingle beach to the kwash
. ' ‘

b |

AP TN T Ry SR S

LT thtil i sl

sk e DL



1Y - - N T 7oy T P . .

i : : \,,fﬂ '
| 8// - | { 136

. C ‘
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Figures 5%3l-a-to d: Refer to text for detailed discussion O£ fipures.
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zone sand beds was more gradational than that occurring on storm
beaches. Pebbles occur époradically within the nearly horizontal
laminae of the swash zone. Seaward of the zone the normal wave

and tidal profile developed (figure 5-31b).

Low Wave Enefgy Beach

Under 1deal cogditions the low wave energy beach
would be ‘expected to initiate from a high tide beach berm. How-
ever under the predicted prevailing wave breaker heights; the
berm height given by Bagnold ( in Komar,1976; p. 308) for fine
sand‘beaches would be roughl& 10 em. Such sézzl scale structures
would be difficult to distingulsh., particularly with limited |
exposures, and‘hqne were found inlfhis study. . £

Seaward of the berm the normal wave and tidal pre-
file occurred with four major zones. Seaward of the berm nearly
hérizontal sand laminée‘are deposlted within the swash zone. The

zone rapldly changes seaﬁard of the high‘tide'breaker_zone to

rippled beds, where interference rippleg dominate. In the lower

reaches of the ripple zoneDiplocraterion and. sk 1ithos burrows

_ ~and flaser bedding bécome'promiﬁént. Rapid déposi lon of sedim-
(//f'ent'at tdrning tlde resulted in laminae of rhythmite.or ienticu-
lar mud or micrite that is locally extremeiy bloturbated. The
zone probably marks the normal subtidal boundary. The lower
offshore zone in which strong tidal currents dominate 1s marked
by sparsely‘bidturbated sandstone with,mégaripg&és.‘Further

P
offshore the siliciclastic strata gradée into planar bedded

.,
~

:..f-"-\'
L.
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lenticular sandstone-micrite beds that grade eventually into

SMF 19 carbonate microfacies (figure 5-31le¢).

£

’ N\
Carbonate Tidal Flatg /*’/HB

Rocké>representing carbonate tidal flats are best
exposed within the boundaries of March Township in the vicinity
of Malwood. The sequence starts on the gentle northern siope_of
the basement ilnlier where a low energy beach of fine saﬁd devel-
oped. Smooth mat stfomatolites developed on the sand base;
occasipnally being buriéd durling hlgh energy storm-conditions_
by SMﬁ 24 microfacies deposits. Over a dlstance of 2 to 3‘km
the smooth mat stromatolites changed from thin mm thick laﬁin&%éﬁ

calclisiltite and sandstone laminae cut by deslccatlon cracks
to em thick lenticular micrite and calcislltite laminae in thick
beds-(}ocationsO-G,and 0-7). Northﬁard in the offshore direction
the smooth mat stromatolites are‘succeedéd by columnar forms

that over a distance of 1 to 2 km increase in height from a few

fe@ggg\ijre than 0.5 m (locatlons 0-7 and 0-8; figure 5-31d)..
. | g ’

<
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CHAPTER 6
- WESTPORT-ATHENS DISTRICT

General

\/’“’/ The Westport-Athens distriJ;h:s the largest and most

westerly éxténding.embayment along the Fron;enac Axls, The

. 2 '
district contains roughly 35 % of the exposures of the Beekman-
town Group 1in the western Ottawa Basin wilth numerous easily -
accesSible, small exposures of the group's various formations

(figure 6-1).
The embayment 1s bordered on the north by the West-
port Plutons (Wynne-Edwards, 1967) that abruptly rise along the

Rideau Lake Fault,‘and in the south by the north-dipping Gren--

vilie metasediments”that exteqd beneath the Beekmagt wn s
Recent conodont blostratigraphic studies/within the
district show a similar'faunallage at several yidedy spaced
locations (locations }6, 56, 32, M3,“and 48) despite litholog-
ical 9hanges (Arenigian; Faﬁna D2-D3; Brand, 1977, pefspnal
communications). As a result; detalled sedimentological studies
of thls area should be useful in modeling the local paleoenvir-

ocnments.-

Isolithic Trends

1
Petrological studies of 43 exposures of the Beekman—
town Group in the Westport-Athens dilstrict were performed
(figure 6-1§‘appendix 3). Parametefs from beds 4t each location

were averaged to obtain isolithic maps of the district (figdres

4

ata.’

e e L



140

¥

v

*39Ta38Td mcmzu..«..uuoaumm,a 9yl uf posn suorievol sTdwes Lavwrag :T-9 2andfjg

~

v @

LIMT) NYIHENYI3Hd =

~

dYW' NOILV 30T 3IT4NWVS - 1Olylsid SNIHLY =~ l¥041S3M




6-2 to 6- 6).

141

Isolithic maps of the graphic mean size (figure 6:2),

'inclusive graphic standard deviation (figure 6- 3), inclusive

graphic skewness (figure 6- 4), insoluble mud fraction (figure
6-5) and soluble (carbonate) fraction (figure 6- 6) show simil-
ar distribution ‘patterns. Symmetry of the isolithic llnes show
little evidence or prior extensive overlap of the facles on to
the Shield, suggesting that the present limits of the embay-
ment are close to the maximum extent of the Group at the time
of deposition

. |
The graphic mean size isolithic map shows a general

: decrease 1in grain Size away from the embayment edges (figure

6-2) while the standard deviation Increases ih value (figure
6-3). These patterns may be attributed to coastal wave action
in which finer sediment is removed from the nearshore areas

and transported offshore to lower energy Zzones. The consequence
would be an increase in grain size and sorting in the higher

Energy nearshore area, Support for the transport of fines

off'shore is also provided by the mud (figyre 6-5) and skewness

1solithic patterns (figure 6-4), the Lﬂmer showing increaseqg

positive skewness offshore.

Studies by Ingle (1966) and Fox et al  (1966) or
wave dominant beaches have shown that the sorting of the sedi-
ment 1s minimal at the breaker zone. The low degree of sorting

was attributed to intermixing_iggzjfrse and fine sediment

modes,* where the backwash and front converge. Fox et al

—

(1966)‘ gnd that the skewness is genefaITy negative in near- '
& o
shore a

8§, eXcept in the vicinity the breaker zone. The
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negative skewness was attributed to the presence of a small
granular fraetion within the sand size sediment. The posltive
skewness 1n the breaker zone was considered-to be the result
of the mixing of the granule and medium sand modes where the

sand dominates the granule mode. The presence of a nearshore

zone of low sorting or high skewness”is not appafent within

thewgistrict (figures 6-2 to 6-4).

~ The textural diffe;ences between the present exampl-
es and Ingle's (1§66) may in'parp be the result of differences
in the wave br;;ker types.'Wpefeas in studies by both Ingle
and Fox et al plunging breakers oeeur, the breaker ﬁredicted
from ripple data in the study area suggest a spilling type
breaker. Miller (1976, p.108) found that Q.% pluﬁging.bfeaker
disturbed the bottom sediment while spilling breakers generat-
ed a steady back and forth bottom sﬁear stress whicﬁ tends to
sort the‘sediments and erase,  bottom topographical irreg&lérit—

ies.

-

Extending southwaird from the embayment and across
the Frontenac Axis are three zones in which isoliths of grain
size (figure 6-2), sorting (figurs 6-3) and skewness (figure
6-4) are symmetrical about ‘the zonal axes. Grain size and sort-
ing decrease toward thé zone axes whlle ‘skewness increaées.

The zones are interpreted as deep water (below normal low tide
wave base) channels across the Frontenac Axls. Grain size

(chapter 5) generally ircreases westward across the Frontenac*

Axis. If the rocks in these zones are penécontemporaneous, then

‘the channels may represent restricted inlets from a higher

Y



°

e A 1Y e --~-n--.—unmr.:ﬂn‘ﬂmm'f!"!m-‘l'ww»n——-m, BTATC AR L e e caiwm e cm ELELE RUTT LS RUIP,
:

4 . o L0 .

7]

148

»

energy sea west of the Ottawa Basin. Generai decrease in

sorting and Ilncrease in skewness eastward along theSe zZones
A

is consistent with this hypothesis.

¢

Distribution of total sample’solubles (figure 6-6)
shows a direct correlatlon with increased insoluble mud content

(fligure 6- 5) This comtrasts with the suggestion of Blatt

t al (1972, p.

carbonate grains in siz-cate rich sedimentsFor to the inhibition

- of carbonate bprecipitating organisms by large concentrations

of silicate sediments. ' , - l ' i .?
In order to explain the presence of both high soluble

fraction and high insoluble mud‘ﬁgch sedﬁments a- detrital

origin for one or both must be considered. Decrease in both

mud and soluble southward into the channels crossing the™

Frontenac Axis suggests that the source of the -mud and

carbo was primarily within the basin

-

" Phillipsville Sections S N

In the vicinity or Philllpsville (figure 6-1) several
mMajor exposures. of the Beekmantown Group occur. From these
sections a composgite section representing the Keeseville,
Heuvelton, March Members and lower strata of the Beauharnois
Formation can be obtalned (figures 6-7 and 6-11).

The exposures in the vicinity of Pmllipsville are

&

et o e e e e

-\
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Figure 6-7 .
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v - . Phlllpsville eliff section 61;”central section
showing units ¢ to oo (see figure 6-8 for unit scales)

. Weathering of the sectionreflects range 18 textural and

.liﬁholdgical variation betwéén unlts. Massive central ﬁnits

(eg. ¢c) are composed of sub?;kose and quartzwacke with deep

@ L

,Skolithos burrows (Heuvelton
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primarily the result of erosion of strata exposed on.the north-
ern limb of a Precambrlan anticlinal uplift, kﬁownlocally as

The Mountain (Wynne-Edwards, 1967). The Mountain consists of

metaquartzite and marble strata.: Additional exposures of the
Beekmantown Group have resulted from road improvements along

highway 42. y

Location 61A Section

Isolated from the main cliff exposure at location
61 there are several outllers of the Keeseville Member showing
features 1nterpreted as representing high tidal shingle ‘beach

and low tidal terrace he exposures consist of metaquartzite

pebhble oligomictic,cpnglomerate alternating with thick beds
of medium to fine grained quartzitic sandstone,with low angle
cross stratification. Clasts range from small pebbles to

large cobbles (-2¢ to ~7.9¢) with a mean size of 6 b+ 0.1¢."

e
The cobbles range in shape from subangular_to‘ﬂounded. -
” .
Cobble imbrication within the conglomerate shows a

polymodal distribution with a weakly deveioped principal mode
+ ' .‘ 1 , - ,
of C axes dipping towardgfme south:(figure-6—9) The modal .

imbrication is interpreted as resulting from wave actioﬁ during

high flood tide while the westward imbrication .may be ‘the
result of ebb tidal flow around the point formed By %he Mount-

~ain . Weak northward imbrication is intebpreteg as~wave indgced

from limited southward advancing wave fronts on ‘the beach.
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Location 61 Section

The largest Heuvelton member exposure is a 16.5 m
cliff af location 61, 0.3 km east of PHllipsville off highway
h2 (figures 6-7, 6-8, 6-9 and 6-10). Hene fine grained quart-
zitle and quartzose sandstone are intermittently interbedded
with fine érained, poorly sorted, feldspathic 1ithérenite
(Keith, 1949). Based on texture and primary sedimentary

structures 47 units were recognized (figures 6-8 and 6-9).

Textural Interpretation

Visher‘é (1969) enviggnmental eriteria (chapter %)
were used to interpret thelmgst probable paiéoepvir&nment of’
each of the units (figure 6-8). The criteria corresponded to
only six of Visheq's environments: béach, plunge zone, waveg
zone, tidal channel, tidal inlet and turbidity zone. QOverlap-
ping of charg%teristics of more than one enviroﬁment is
common (60%). |
- The most freqqent overlaps occur between beach, plunge
zone and wéve zone enviroﬁments (figure 6-8). A_sequence of
‘herrihgbonejcross strata. grading ihto flaser bedding §n§‘|
term{nating in shaly o; 1gnticu1ar bedding oqcasionally marked
- by dgéiccation Eragka supﬁorts this‘transigﬁén’gnd.may Indicate
_;)g_tiae—dominanq nearshore-paieoenvironmeht. Another possiﬁle
o _paléoehbironment,is the tidal.éhannel or iﬁlet, whoée textural
criterigfare fﬁlfilled by hélf the units. Feitures such as small
scale channels, convolute b?gding, extreme bipﬁurbation in
.. AN
\.

. I . ‘1
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PRIMARY SEDIMENTARY FEATURES at LOCATION 6l
. .
) ESTIMATED
‘ CROSS
MUD (%) FOSSILS & S RAVEICATION ¢15a 1 iTE
BEDS 40 20 O pBidGENIC FEATURES DEPTH  THICKNESS
i 10 - -
Rl;'lsl fast - cum, ﬁ' I — ry )
o Pl v o _
'Ml =i = » v :
d Kiy 351 1 v fr’ _ _
Ilﬂle‘:—?éﬁ:ﬁ:b s - u:, )i/t I _ Mean Tidalite
Fl ! ——— ﬁ LI . Thickness
Q(E‘D'—vo'c—:a.:?—'i—,‘-r-s-i I T [ T3¢ Mem
ol : -
A o ] g b
x! ik , v OVERALL
Y] — s ff | MEAN
2! == - b wik Ji I = = TIDALITE
f\AI gyt T ] yiis g 4 THICKNESS
88 2 : "ﬂm,_ﬁ - 104%19¢m
ce ; .
—rFr— -—
loq e 4
E %5_" I' —
5:FGIGI Wyt I ¥ m
HH{ . 3%y 1 ‘ g Y.
[} ] i "i’l“" . —
S = ) o, lf
Lll-l N“"w ,w I 6 v* Meon Tidolile
NN‘MM — v E \" : Thickness
L . B
0 [ o o M-V " Scale I'!Ba * Bem
PP} = 4] h," L r3m - ‘ )
ool o S |
~RRI AY = L} —
T'l'lgs' Jwﬁm] = ol! : | -
: | ‘ o |
- . i _, -
SENMIMENTARY & : STBUCTUR ES ¥ BIQTURBATION -
- Small Scale Planar Cross Siratq ; 32 Chondrites A
*>~Herringbone Planat Cross Strata  t_. , .
Gradual decrease in Cross Slrolo Héﬁ;hl 7] Diplocraferion Burrows
fv—Desiccation Cracks . . Burrows
f~— Channels T Smafl {£02m deep) IDeqr:'e
- Convolute Bedding ' I'Illl‘ Large ‘(’ O;an'r decp} ‘{r Gﬂc;'.
0 Pebbly Sondstons - 60%3,90%
~—~_Floser Bedding ¥ Lingutella .. fﬂ 9 ad
ELenﬁculqr Bedding [§ Gastropod~, . . ﬂ
nWAEE.

. Figure 6-8: I!{efer to text 'fp:‘detaile'd di-zsgussion‘ of figure. -



153
N ¥
PALEOENV!RONMENTAL & PALEOCURRENT TRENDS at
LOCATION 6|
J " (Visher, 1969)  PALEOCURRENT TRENDS
‘ BEDS PALEOENVIRONMENTS RIPPLES CROSS STRATA
‘r2°¥as56 o ;
Frs Ut M !
mg:gi 5, . ‘ /
Oy, —1
Ml Lanemmer | N /
LlI(IJ- Ho—-c fl‘
1 {
“'hy - <
G1 — |
Flg) —_— (>
¢ ID' .':.‘—*H
B .
A —_ COM?OSITE
v —_—— RIPPLE & CROSS
2 wtxl — STRATA DIAGRAM
o vl L — (225 Reading)
t‘i ya —— \
b3 AAI —_—
(o BB| b
2
r cc —_
1 ® '
a6 0o —_—
€h EEFIFl s —_
0w GGl — T
3 HHI —
v | — et
ST ¥ —— —
2 Cu - . 7" |
M| S / —+ Cross Sita (CS)
< NNI —_— \ R :
oo . ——— . -
) I C Ripplu (R)
PP| —_. : .
ool
— . — RESULTANT VECTOR| *
L L] R@sl H—_‘O-—-I —_————
TT| '____T.
4w UUI ———y
i . € LOCATION &1*
SCALE . c _© CLAST C-AXIS IMBRICATION
. g . 4§+ BEACH (52 Reading)
- 3m =8 2' .
¢ ' :2- PLUNGE ZONE _ > :
> -3 WAVE  ZONE N
41 -4- TIDAL CHANNEL sy
' i . ‘5 TIDAL INLET i Sige
P J 6 TURBIDITY A . ™
0 - ' ' '
(1 : I a
# . . ’ . - - “
Fig}re 6-9: I_{efer to text fo\detailed d#gssion of figure. . \' f/

L ) ‘; h '. ‘\ LS .o ’ .' )
M4 . . . : - . .

oy ?'.s_\ A




-

154

LOCATION 6l
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. !
feldspathie litharenite, thick and massive beds that feather

out into the adjacent quartzose sandstone and large scale
Skollthos burrows (range from 20 to 60 em in length) are con-
sistent with tidal channel orlgin. However they are present
in only 26 % of the unlts in which texture suggests tidal
channe\_origin A partial,explanation for the high incidence
of apparent tidal channel -environments may be found in the
grain size criteria used by Visher (1969) to define his envir-

onments.(figure'u—13a) The ¢ iteria for tidal ch%nnel enviro-

‘nments are transitional between beach, plunge zone and wave

zone, Intermixing of closely spaced beds du%ing sampling or.

partial feworking of beds at the time of deposition may dupl-

lcate the petrological criteria for the tidal environmeht |

' Turbidity zone criteria are indicated by 13 % of the

units each case either moderate touextreme bioturbation S
or rhythmite bedding (Reineck and Singh, 1975; p.108)'are pre-

sent. The turbidity zone of Visher (l969)iis chafacterized by"

a low saltation population relative to traction and suspension - -

populations, Either_alternatiné laminae Of the rhythmites, or )

selective removal~of the fine sand fraction by bioturbation

 (Rick et al, 1977, p. 1425) may duplicate this criterion - \

Tidalites and Intert-i.da}i;tés ‘
‘ "

- ~

Klein (1971 p. 2585) introduced the term tldalite

-

L d
to describe the distinct combination of sedimentary structures,

veFtical sequences textusz and 1ithologies tift reflect

f\u

phaseekof tidal sediment transport- and deposit A.special

[~
- ) , : .. .
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type of the téahlite was the intertidalite which was d%fined

.as the complete tidalite shewing evlidence of exposuresﬁlgring

late stage emergence (Klein, 1971). Using criteria for recog-
;}ztng.the different'transport phases wilthin an intertidalite;
Klein (1971; p. 2586-2587) suggested that the tidalite thick-

ness can be measured and the paleotidal range estimated there-
from. \\L\_

tertidalites were dlstinguished at ‘locations 61 armd 48 (figures

Using Klein's (1971) criteria 27 tidalites or in-

6 to 6-11). At location 61 the tidalites show a general dec—
ease in thickness from 1. 3+ 0.1 m for the lowest 8 tldalites
to 0. 7 £ 0. l m for the mean size of the upper 8 tidalites,
giving a mean tidalite ‘thickness of : 0 *+ 0.1 m for the section-
(figure 6 9) Textural parameter mode polnts, which may indic- ¢

gte changes in sediment size, transport mode and the transport-

ing c%rrent energy_appear at similar intervals within the
. ;

~ .
succesdon (mean spacin

0.9 * 0.2 in; figure 6-9; taBle 6-1).
Wlthin the settion several massive units (units cc,
PD, II and-00; flgures 6-8\and 6-9) show features that differ

from dthers In the se{hdon

These units consist@y calcareousn

l/sub—arkose that feather-out aterally over distances of the order

of hundreds of meters (Kein » 1949), The units. are also unique
in having Skolitkm burrows up' to 60 em deep in the upper parts.
Texturally all four units fulfiil Visher's criteria for tidal

channels (figure 6- 8) Taking these unilts to represent large ”\

" scale tidal channels and the depth of the burrows as evidence?

of intervals pf‘exposure R ‘a rough estimate of the paleotidal

. - ;0 - ..___!
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» - TABLE 6-1  /
LOCATION #61 COMPARISON OF ESTIMATED PALEOTIDAL RANGE FROM
TIDALITES,}TEXTURAE PARAMETERS, AND ESTIMATED DEPTH OF
. . > I .

CROSS STRATA FORMATION.

For detailed discusqion of this‘table refer to text.
Texturé; ﬁarameter batterns refer to repeating patkerns of

peak'parameter values found in the section (figure 6-10).

Parémeter Peak value intervals

Graphic mean size’ .Mz = 85 + 10 ¢m
First percentile ' '
size ' 14 = 86 + 10 em k

Inciusive graphie
standard deviation gy ™~ 86 + 12 cm

- =]
Inclusive graphic :
skewness SKI=11A + 17 em
Grain Roundness, RD = 95 + 9 ¢m
Coarse’ Truncation '
Point CT = 94 % 14 cm
FIne Truncation
Point ' FT = 80 * 14 em
Traction Population C =99 + 11 ¢m

Saltation Population A = 89 + 9 cm

Y . : -
"Parameter mean spacing =92 +.17 cm
Mean tidaXite thickness = 104 +4 19 cm
Tida! Channel\‘méa'n thicknessu 73 £ 19 cem
Mean o\\sétimated max. depth‘for Cboss'Sﬁrata fprmatibn - 47 +
VNG ' S '
e T Ty s

l0cm
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range 1s possible. The mean thickness of tpe foor 1argestl
channe 1s 0.73 = 0.2 m, which 1is of‘similan magnltude, to the
mean tildalite thickness and textural mode spacling able 641).

Estimates of tne meximum depth under which ch cross

strata was formed from 1l units show a positive correlation

with the .gradual’ increase in tidalite thickness up the section

(figure 6-9). The mean maximum Hepth estimate of ‘the cross
strata 1s 0.76 + 0.11 m, again of §imilarimagnitude to the
range snggested by other sources;(teble 6-1). The results
appear to indicate a2 prevalling microtidal range existed at
this location at its time of deposition and the gradatlional
changes in the tidal range occur over 1ts history. .
Cross strata.showﬂa\ﬁyminant eastward paleoflow

.

possible resulting from rapild ebb flow toward the basin.

.Ripples, however, show a bipolar orientation dominated by a

westward modal orientation (figure 6-8), reflecting wave

action during slack tide_intervals. T

Location 48 Section

o A
[} T .

. Directly -northgof the cliff face of location 61, a
road cut .on highﬁay 42 has exposed a 6 m fresh section showing

the upper Heuvelton member, March Member and lower strata of

1

are recognized (figure 6- 11)

<~

* The intgégidalites consist 'of four parts: an -asym-

metri herringbone cross strata zone, a strongly ggoturbated

- 4 ~

.

. FRT O - b . O A R
=
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sideritic zone, a Diplocraterion burrow zone and glauconitic,'

sandstone lag deposit marked by desiccation ‘cracks and inter- -
ference ripple marks (figures 5-4 to 6-11)? The tidalites ~
continue the trend from location 61 of decreasing in thickness ’
up section for the lower 3 5 .m, before starting to increase in
thickness again (figure 6- 11) Both the maximunlestimatedwdepth

of formation of cross strata.and ripples show similar trends.

. The‘cross stratification zone is marhed by simple |

Yy
tangential planar sets or asymmetric herringbone cross strata

with dominant sets oriented westward, This appears to indica}é
a dominant flood tidal current at this location. ]
Teodorovich (in Larsen and Chilingar, 1967; p. 13-46)
suggested that the siderite facies without signhnificant amdunts
of oth%r carbonate was most prominent in weakly reducing
marine\environment of neutral acidity {(pH _ to 6. 6) The
condition was considered to occur at the sediment water inter-
face. Glauconitic faecles were considered to indicate weaklx ‘
oxidizing zones of weakly alkaline to neutral acidity (pH = 8;0
to 6. 6) Such cqnditions were considered to ocour be%ow the
sediment-water interface._The presence of wave formed ripplesfcut
by desiccatiOn'cracks in the glaupénite-rich beds,wouId; however;
suggest formation~at the sediment;water interface, rather than
I,\below, whiie the'siderite facies appear to have formed just

below the interface, where bloturbation was maximum Glauconite #

waa‘found in both carbonate and sandstone throughout the

R
Westport Athens dlstrict as a lag deposit that appears to ocdhr » ‘#k
‘at regular intervals - . e
L ome v R
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Within the cnoss stratal zone, black.coated soarite ?

' pebbles- occur, with their greatest concentratﬁjn in_eastward o
orientated sets,. These'pebbies_are interpreted as formed in sub- _ ;
aerlally exposed hypersaline tidal ponds mest of“location-&S/' o

j . - Detrital carbonate constituenﬁs, intermixed with fine

quartz grains, grade rapidly into carbonate dominate% ‘beds in the
upper meter of the sectlon. Bond and Greggs (1976, p. .21y consider— "

L
ed the apparently sharp contact\EEtwéen the carbonate-rich beds '

"

and underlying quartzose and quartzitic sandstone to represent

P L]

‘a possible disconformity’ -between the March and Oxford Formations
[ ’ ] Lo K
Present at several locations along the-contact,: however,iare T

. _
¢ross strata that Cross this boundary, indicating a ﬁenecontemp—- ~

-

v . -
oraneous relationship The highest og%ering-strata in the ’.
. [J

section consist of. dolomicrite with gastropod shell fragments

hThe dolomicrite contains a high insoluble mud fraction (+ HO 2y

N .
and few sand size grains (% 15 %),and as a consequence is .

considered td represent the Beauharnois Formation at this Jocat-
ilon., ° Coe -
‘ " ,‘ . i
_ - Y ’ o - “.,
Carbonate Strata Within The Phﬂlfbsville District .

¢t i

.
’ - 3.
4

Lam‘n ted to biotufbated—sandy ogpdolomitized*calcisilti:

it%'and pelmicrit (SMF - 19) ocecur frequently within the district

4loo&ﬂions 33, MH(MG ‘,56 and 73) often showing rhythmite 1Lke

' bedding, The microfacies occurs in close association witﬁ the §

unfossiliferous homogeneous dolo@Ierite of SMF 23, whichr contains

N

-allochthonous gastropods near boundaries The beds are frequently g

_'. T . ’ ?
. R ot o _ . 0



1627

Séparated by beds -of intraformationsi dolomitized intermicrite
) ' o

. , 1
(SMF 25). The boundary betweeg the aerobic conditions represent-

ed by SMF 19 microfacies and fhe'bccasfonally anaerobic condit-

lons of the SMF 23 miérofacies may be pIaced at or near storm

N
wave baﬁg.,For wave dntensities sufficient to move the largest

clast’ size (figure 5-9), waves between 4 and 5 second periods

would be needed,.Corre§bonding to a probable dep@g {for gm).of

between 6 and 10 m. C.

Smooth mat. type stromatolites are characten%jﬁz by

being cut by desiccation cragcks, éeparated By glauconl i / fo
deposits and being separated and incorporated into ij:2ﬁ.
e
N
microfacies is gradational into SMF 19 microfacies (locagions

microfacies, suggesting high intertidall conditions.

33, HH,.H6, 53, 55, 56 and WRR3; figure 5-26). :)

’

. Paleoenvironméntgh Interpretation

-

The WEstportrAthgns-distript appears to have occupied

a'generaily low wave energy, microtidai paleoenvironment in .

I

which éaiine‘éoﬁditions prevg#led. Glauconitic lag deposits‘aﬁd

black coated sparitefclésts suggest periodic supratidal conditions

on flats in the area west of Phillipsville that were fldooded apd

drained Ehrough large channels connectingrthe eﬁbayment to the

~basin (ffgurée 6-12). Conglomerate deposits found primarily along

the southeast corneof the embayment suggest that the prevalling

%
storm direction- was from the northeast. -
; q - :

> o &

TiAmL T e

.o
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-CHAPTER 7

SUMMARY

The Ottawa Basin formed as a graben complex_}ear the
southeastern flank of the Canadian Shield between Hadrynian. and
Middle Ordovicah times. Within-this sub§;d1ng strucfure the
Eiliciclastic and térbonate strata of the Beekmantown Group
were deposited in a neéarly continuous sequernce. Localized
diastems, faults and penecontema&raneous folding of the strata
within the group near the Frontenac Axis, Beauharnois Anticline
and Adirondack Mass;f are evidence of intermittent instability

along the basin's southern margin. .
Comparison of the lithologies of the BeekmantOWn Groun
in the Ontario, Quebec and New York State parts of the basin,
within a framework of recent conodont biostratigraphy and drill-
lcore data, éuggestg that a single lithostratigraphical scheme
can be applied throughout. A rnomenclature consistent with the
Code of Stratigraphic Nomentlature (Krumbein & Sloss, 1963;
p..621—636) 1s proposed. Under this system the Beekmaﬁtown Groun
consists of the Potsdam, Theresa, Bucks Bridge gnd Beauharnoils
Formations. Conodont biostratigraohy indicateé'that the Theresa
and Bucks’ Bridge "Formations near the southwestern edg@ of the —
‘basin were deposited during the Tremadocian Stage.wHile the

Potsdam, Buck'Bridge and Beauharnols Formations are diachfonoué

within the basin, decreasing in age toward the north (Brand, 1976;

" personal communications). Consistency In .age of the b&ﬁ?dary
between the Chazy & Beekmantown Groups (Whiterock Stage; Brand,
1977; personal communicétions) at'Arnprior,yQumberland and'in

L]
the vicinity of ' . ;% f

A

. e Res

Bt i,
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Montreal suggest that the sharp contact is conformable, or

repreggnts at most a diastem. | : .

The group may'be divided 'Into facies. representing

conaisting of hematitic érﬁose_and subarkose with
o;ientated trough cross s%raté, was deposited in an alluvial
.@lain paleoenbironmént (Lewils, 1971; p. 871; Hofmann, .
H): The Ausable Member 6h the Potsdam} consisting.df
pink laminae Qf silt and §ubarkose“that bécOme more pronounced
_tpﬁﬂbd the western part of the basin (appendix 1; Lewls, 1965),
may represent ‘a delta front paleo_ vironment (Lewis, 1971; p.
879; Reineck and Singh, 1975; p. 270). The KeeseviTle Member ol the
Potsdam'éndtheTheresa, Bucks Bridge and BeauharnoiéiFormations wereg
deposited in a microtidal, low wave énérgy sea.

Suggest@dns.by some workersl(Ch;dwick, 19203 Greggs
and Bond, 1972; p. 937)‘that majomhregional unconformities are |

present within the Beekmantown Group in the basin could not- bé
supported. Greggs and Bond (1972; p. 937) prqgeﬁig\ihat grain__
texﬁural paramgters, cement, degree ST bio?urbation or colour
in'the siliciclastic strata were sufficiently distinct to
“indicate éistinct forﬁations,_ﬁhat possibly are disconformable
(Bond, 1574; p. 19-20, figure 3). Statistical tests of-sédiment
size.from widely separated areas and various stratigraphical
- positions within the group‘showed no significant differences at -
the 0.95'signi§icance level.Rapid variation in grain shape,

ﬁgrticularly'roundness over .short horizontal and vertical distances

were found to be too random to be used as a criterion to discrim-

.
1
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lnate the formations. The fluctuation in roundness was found to

Ja

have a significant correlatioﬁ,with mud and cafﬁonate conéent,
suggesting that present grain'shapg is primarily the result o%

- dlagenesis rather then abrasion during mechanical traﬁsbort.
Isolithic(maps of grain size, sortipg, skewness, mud and carb-
onate content for the Qestern part of the r " on show a regular,

'continuOU§ gradation from Keeseville Memberejéinging the
Frontenac Axls, to the Beauharnois ?ormation wighin the basin..
Evidence of lateral facies changes within the upper Béekmantown
Group is shown by the presence of similar conodont zones at
different lithostrafigrapﬁic positions in the wtstpoft—Athens
district. ' - : v

Palecenvironmental determinations based on graiﬁ
textural parameters were found to be inconsistent, inconclusive
and frequently unréaiixic with respect.to assoc;ategvsedimentary
structures. However the plots of various textgral parameters do
show a uniform transition from one lithofaciés to anotﬁer with
no evidence of abrupt changes that may be attributed to major

e

| Qisconfdrmities. Only Visher's (1969) method using a log-probab-"
\

Eiity grain size curve provides an estimate of the paleocenviron-

. ment which isrmostly consistent with the sedimentary structures.
Discrepancies with respect to sedimentary structures 1in ;hese
suggeSted palecenvironments are primarily associated with complek<
rhythmite sequences or highly bloturbated sedimgits and suggest
that-the method 1is inéffective under these circumstances,

Hydrodynémic controls interpreted.from wave formed -
ripples and cross strata suggest théﬁ the basin was shallow, had

a limited fetch (between 100 to 200 km) and was microtidal.-

.
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vgﬂbsencé of offshore bars;.coarse sediment size and the apparent
presence of wlde low angle beach. faces supports the low wave
enéfgy suggested by ripple hydrodynamics. Removal of mud from
the beach by wave action and transport to offshore aréas with-

-

In this micrdtidaldrangg sea can explgin the.;ithéfacies sulte
found in the upper Beekmantown Gro;p. .
; Climatic conditions suggested by the wave energy.
estimated from sedimentary structures indicate prevailing calm
to light wind conditions with oécasional sterfs of gale force.
Such @bnditipns)are currently assoclated with equatorial dolgﬁ
rum climates. The counter-clockwise circulation wilthin the
basin suggested by the paleoccurrent orieﬁtation,éf ¢ross strata
and ripples may indicafe a Fouthern hemisphere position of the
basin during Ordovician times. Consistency of the paleocﬁrrent
directions in the Potsdam, Buckéﬁridge dnd Beauharnols Format-
lons support a prolonged stability,in.the'general basin config—
uration, with only partiél tidal connection of the basin with
the.eastern Thele Ocean. Paleotectonic maps by Keppie (1977)
suggest that the Ottawa Baétn was sltuated in the southern

equatorlal latitudes and are consistent with these predictions.

Tidal ranges estimated from tidalite thickness, textural

trends, and ripple & cross stratal depth of formation are consist-

ent, suggesting ﬁicrotidal ranges within thé basin throughout the
deposition of the Buck Bridge Formation. The consistency of the
various methods also providés sﬁppﬁrt for Klein's. (1971} tidalite
model for estimating paleotidal range, as well as éuggesting an

alternative, method using cross strata or ripples to estimate depth.
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Suggestioﬁs for Additional Studies

(1) Detailed conodont biostratigraphy of the type
section of the Beekmantown and Chazy Groups in the Champlain
Valley are necessary to adequately correlate these units within

the region and elsewhérefﬁ?‘ﬁgrth_Amerfba.'Preyious macrofaunal

correlations that have been adopted appear to be severely limited.

" (2) Relationships between wave bottom‘orbitél diameter
and ripple length are known primarily for short period waves and
small ripples in fine sand. Addifionail fluﬁe and field'study of
ripple formation in medium to coarse sand by intermediate (3 to
15 second) period waves are necessary to fully understand and

‘. B [ 4
apply the relationship of wave theories to ripple formation.

.

' (3) Insufficient dataare available to estimate with

I - ) . -
certainty the relationship between ripple asymmetry and bottom
unidirécéional currents. In addition; the influence of different

~sediment sizes on the relationship is unknown; more experiment-

‘ation i1s necessary to. refine this model.

-
~

(4) Attempts to estimate paleoflow conditions fram
planar cross strata by relating Stein's. rule to thé F;oude
number glve reasonable agreement when plotted on a Paleofléw.
power vs sediment slze diagfam'for.particles coarser than 2¢.

However, finer sediment departs signiflcantly from Allen's extra-

polated bedform boundaries. Experimental studies of the behaviour

e Mie e b aioad
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of ripples and megaripples in silt and very fine sand under
unidirectional currents are needed to fully evaluate the Stein! 5
rule- Froude number relationship. Regime 1 and 3 bedforms cannot

be distinguished on-the basis of cross stratification' Tfurther

'experiments should be performed to increase the potential

resolution of this tool.

o
.
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Consumer's Gas Company Well (Russell County) >
f.

The folloﬁing well log of the Beekmantown Group
is based on an examination_of Congumer's Gas Company well,
Consumers 16321. The'well cdre is currently stored at the
Geological Survey of Canada repository in Ottawa, Ontario, in.

tray no. 7336-37, index no. LOL-23 (Beard, 1970; p. 165).

The core ﬁas examined under hand lens and a Heer- i
brugg variable power binocular microééopg. No thin sections of
the core are,curréntly available and as a résult estimation of
carbonate’types and abundance was based on the reaction‘of the
_samples to dilute (10%) solution of hydrochloric acid. Téble Al
listsg;;d defines-the lithofacies used in this study. Under
Folk's (1959) classification, most of the carbonate strata,are/
ﬁicrite or dolomitized micrite. The classification’ used:does not
take into consideration'the influence of varying amounts of
insolublesl n the carbonate that would tend to bias the results.
in. favour of dolomitic values. Colour of the core was determined'
by comparing 1t with the Geological Soclety of mng;ica rock color.
:phart (Goddard et al; 1970). Texture of the carbonate: lithofac-
les were based on Wilson's (1975 SW\ﬁﬁgﬁﬁté/dard mierofacies

classification (Table A2). . ' i

N

- ._.L..J\_m,_m“, [



-Table Al

Carbqnate Lithofacies

Classification Type of reaction to Time duration
dilute HC1 .

Limestone violent o immediate

DolomitiC'limestqne s low ) | under 15 sec.

Calcitlic dolomite very slow ' wunder 30 sec.

Dolomite ’ ‘ nil. : over 30 sec.

Siliciclastic Lithofacies.
Arkose: Sandstone with over 25% feldspar, wlth feldspar
exceeding rock particles.
Mud: insoluble (in HC1) sediment fraction finer-than I @ size.
Quartzitic sandstone:,Quartz‘arenite.wiﬁh a non-carbonate
< cement. ’
Quartzcecse sandstone: Qqartg arenite with a carbonate cement.
Quartzwacke: Quartz arenlte w;fh greater than 10% argillaceous
' material and uﬁder 10% unstable mineral constituents.

L Subarkose: Sandstone with 5 to 25% feldspar, with feldspar

exceeding rock‘particles.

.



Table. A2

Wilson's(1975, 64-69) Sténdard Microfacies Classification

SME 14:

SMF 19:

SMF 20:

i

Lag
Coéted énd worn particles, in places mixed with oolds
and peloids which are blackened and iron-stained, with
phosphaté. Allocpthonous lithoelasts may be present.
Tpese lags are characterisﬁically thin deposits, A
repr;;enting slow accumudation of coarse material in
zone of winnowing.

{
Léminated to biloturbated pel}eted lime mudstone—wacksfone
grading occasionélly.into pelsparite with fenestral
fébric,.Longite.
An ostracod-peloid assemblage is commgn within these
mudstones. Micrite with scattered foraminifera, -

gastropods and algae also oékur. Thils biota rebresents

deposition in very restricted bays and ponds.

Algal stromatolite'mudstone, K

' Dense and closely-spaced growth laminations swelling

over protuberances characterize this sediment. Fine lime

" mud i1s preferentially trapped on the highest areas

resulting 1n lamination contrary to gravity. Such

!

stromatolitiq structure 1s commonest in intertidal zone,



SME 21:

SMF 22:

SMF 23:

SMF 24 .

Table A2 (continued)

Spongiostrome mudstone fabric
Tuffeted algal fabric is\preserved in fine lime mud
sediment in tidal poqiiJ

/

Micrite and onkoids

Wackstone or floatstone textyre. This 1s a quiet-water
sediment with algal balls composed of light Srganic
matter which is later calcif?d or which traps fine
detrital lime mud. They are typlcal of shallow watef'
backreef environment, found typically cn edges of ponds

»
or channels.

P

Unlaminated homogeneous unfossiliferous pure micrite
This lime mudstone is mainly'depo§ited in somewhat
saline or evaporative tidal poﬁaéy Selenite crystals

7

may form at rardom or in rosetfés in this sediment.

Coarse litﬁgzléstic—bioclastic rudstone or floatsfone
The:clasts are generally of unfossiliferous micrite or
calcisiltite, the matrix variaﬁle’but sparse,
Crossbedding and edgewise arrangément éf pebbles may
occur. The gediment 1s normally termed intraformational

limestone pebble conglomerate. It is formed as a lag

deposit in tidal channels.



~ 5
Appendix 1 .
. Consumer's Gas Company Well: Consumers 16321.
Lithofacies ‘ Nomenclature “ Depth {m)
" CRAZY GRoUP
Rockeliffe Fermation
Fine quartzitic sandstone (N7) with ealeitic.
dolomite clasts (N3); SMF* 23 .........:.' ......... 573.25
Sharp lithological break ...................... EERRE R
. . -
BEEKMANTOWN-GROUP
Beauharnois Formation
Calcitic dolomilte (N3/Nb4); SMF 23, cut by-shale (N2f
laminae ................... e, e, 573.48
Calcitic dolomite (N3/NL); SMF 19 e 573.91
Shale (N2) grading into caleitic dolomite (N3); SMF 23. 574.71
Calcitic dolomite (N3); SMF 23 ...... e e, 574.79
Shale (N2) L..iiiiiiuuiiens i, e, . 574,85
Calcltic dolomite kNB); SMF 23 ...... e e, 575.32
Shale (N2) .;.;...2...; ..... 1 ....... Ce vttt einiiineana,, 575.36
Caleitle dolomite (N3); SMF 23 .....vvvevennnnnnn. ..., . 575.72
Caleitice déloﬁite (N3); SMF 19, interlayereq ngh fine
quartzose sandstone (N8), homoaneous .......... - 576.u46
‘Ccaleitic dolomite (N3); SMF 19 ........... e, 576.43
Fine quartzitice sandstoneﬁ(NB); homogeneo%? et 576.46
Calcitic dolomité (N3/Nu); SMF 23 ......... resavasiae..s 579,09
Shale (N2) ......... e et e, .. 579.11



+

.

Dolomitic limestone (N4); SMF 24, .interlayered with

) 6

Lithofacies Nomenclature ‘ . Depth (m)
Dolomitic limestone (N4); SMF 23 ......... : ........... 579;&5
Shale (N2) ........... e, s iw ........ 579.47
Dolomiéic limestone (N4); SMF 19, alternating with

SNALE (N2) ooeee feee e e e et et et 579.73
Caleitie dolomlte (N3); SMF 23, grading intoc dolomitie

limestone (N5); SMF 23 .i.uveinniinnn. I 580.26
Dolomitic limestone (N5/N7); SMF 19 ...;.....; ......... 580.76
Dolomitic limestone (N5); SMF 24, intermixed with fine

quartzose sandstone (N7) ....... 1..7.;...{' ....... 580,80
Calcitic dolomite (N7); SMF 23 ..................... 580.94
Shale (N2) wiuliuvinennnnnennns . et ... 580.96
Calcitic - -dolomite (N3/NU); SMF 23 ...veuvennvnnn e 581.17
Shale (N2) ovverrernrneeenreinnnnnnns e, 581.20
Dolomitic -1imestone (5Y6/1); SMF 19, alternating with

/calcitic doiomite (N6); SMF 19 ........... e e e e 581.49

Shale (N2) ......... e o oo, 581.64
Dolomitic limestone‘(NE/NG); SMF 19, argillaceous,

traces of bloturbation, sparite VUES +w........... .582.0M
Dc')lomitic limestone (N6); SMF 24 R R REE R 582.094
Shale (N2) i iieeeennenns e et ettt te et e ey 582.13
Calcltic dolomite (N5, 5Y6/1); SMF 23, scattered pyrite ’

gralns up to —2¢ sizZe ...viiv it inirnteintniennnnas 582.23
Shale (N2) ......... T 582.27
Calcitic dolomite (N5); SMF 19, interlayered with

Shale (N2) . onurenee e see et 582.32



i

Lithofacies Nomenclature Depth (m)

shale (N2) ..o, N 582.39
_Calcitic dolomite (N4); SMF 19, interlayered with

shale (N2) ..ottt i, 582.634°
Calcitic dolomite (N4); SMF 19, alternating with |

dolomitic limestone (N5); SMF 19 ............. . . . 583.35
Calcitic dolomite (NS); SMF 19/22/23], alternating with

‘dolomite (N5); SMF 23/24, clasts up to -3¢ size,

onkolds at base ..........viuiununnn. Sl l...;.. 583.45
Calcitic dolomite (N3); SMF 23, argillaceous .......... 583.57
Calcitic dolomite (N3); SMF 15/23, shale (N2) flasers . 583.62
Dolomitic limestone (N6); SMF 19, strongly bioturbated 583.85
Shale (F2) L. i.iiuiiiiiiiiiiiinnnnn.., e, 584 .06
-Dolomitid limestone (N6); SMF 19 ...'vvurunnnrnnnnnn... 584 .09
Caleitic dolomife (N3); SMF 19/23, altérnatiné with

shale laminae ............. . R 584.69 -
Caleitic dolomite (NM); SMF 19; altefnating with

dolomitic limestone (N6); SMF 19 N 584,74
Dolomitié limestone (N§); SMEF 19/24, with sﬁale (N2) .. 585.14,
Dolomitic limestone (N6); SMF 23 ...vuuvervrnnnnnnnn... 585.26
Dolomitic limestéhe (N6j} SMF 19/24, alternating with

calcitic dolomité (NB); SMF 19/24, sparite vugs . 585.31
Calcitic dolomlte (NU); SMF 19, alternating with |

dolomite (N3); SMF 23 ........... T 585.52
Calcitic dolomite (N4); SMF 19/24, alternating with '

dolomite (N3/NA); SMF 23/24 .......... e 586.13

Calcitic dolomite (N2); SMF 23, with shale (N2) laminae 586.18



‘Lithofacies _ Nomenclature Depth

Dolomitic limestone (N6); SMF 19/22, alternating with
calcitic dolomite (N3); SMF 19/22, sparite
veinlets, strongly bioturbated ............ e

Dolomitic limestone (N6/N7); SMF 23 ........... .

SME 10 e P ,
Caléitic dolomite (N3/NA); SMF 23 ..................
Dolomite (N5, 5Y6/1)5 SMF 23 v.uuvvnununrennnnnnnnn. ...
Shale (N2) .....ovvuuvnun... D
Dolomite (5Y6/1); éMF T

Dolomite (5Y6/1); SMF 19/24, alternating with

calcitic delomite (N5/N6); SMF 19/24, sparite

R e
Caleitic doiomite‘gNs); SMF 19, with shale (N2)'.......
Calcitic dolomite (N5); SMF 23 ...oevu''wssoooonsnn ..

Calecitic dolomite (N2); SMF 23 grading into dolomitic
K limestone (N2); SMF 23 “vuuuvnrnnnnn.. .. e '
Calcitic dolomite (N2); SMF 19/22/24, alternating with
- dolomitic limestone (5Y6/1); SMF 19/22 ..........
Caleitic dolomite (N3/N5); SMF 22/24 ..'uvuunoon.. ...
Calcitlc dolomite (N3/N5); SMF 19, alternating with
dolomitic limestone (5Y6/1); SMF 19, soft
“sediment deformation atl3 to 4 cm intervals,
moderate bioturbation ... ....... P e,

’
v -

(m)

.73
.90

.95

.00
.31
43
.51
.53 .

.60
.84
.34

.52

.72
.79

.64



Lithofaciles Nomenclature " Depth (m)

Calecitic délomite (N3); SMF i9, alternating with

dolomitic limestone (5Y5/1); SMF 19 ..... +vveavs. 590.90
Dolomitic limestone (5Y5/1); SMF 19, alternating with

éalcitic dolomite (N5); SMF 19 and shale (N2) ... 591.22
Caleitic dolomite (N3); SMF 23 vivvrrvmnnennnnn o, 591.37
Dolomitic limestone (N3, 5Y3/1); SMF 19, alternating

with calcitic dolomite (Né); SMF 19 ... ..., 581.75
Dolomitic limestone (5Y6/1); SMF 19/22, with shale (N2) 592.45
~Dolomitic limestong (5Y6/1); SMF 23 ..vurunun.... e 592.64

Dolomitic limestone (5Y6/1); SWF 19, alternating with

caleitic dolomite (N4); SMF 19 ....vvvrvnnvnn.... 592.82
Calcitic dolomite (N3/NA); SMF 23 .ouevnnrnonn.o.... ... 593,15
Calcitic dolomite (N3/NB); SMF 24 ......ouvvennnnn. ... . 593.17

-Dolomitic limestone (5Y6/1); SMF 23, grading into
calcitic dolomite (NU); SMF 23 ...u'eennnnnn.n... W, 593.30

Dolomitic limestone (5Y6/1); SMF 19, moderately

bloturbated ............... ... ..., R 593.40
Shale (N2) ................ et e, 593.49
Dolomitic limestone (5Y6/1); SMF 19 ................ ++- 593.50

Dolomitic limestone (5Y6/1); SMF 24 and calecitic

dolomite (N3); SMF 24, as lithoélasts ........... 593,69
Dolomitic'limestone (N4U/N5); SMF 23,'cut by sparite

veiﬁlets, sharp upper boundary ........ ccensaie. 594.40
Dolomitic limdstone (5Y6/1); SMF 24, with shale (N2)... 594 .43
Calcitic dolomite (NU); SMF 23, sparite veinlets ...... 594.69

Dolomitic limestone (5Y6/1,N6);. SMF 19/24, mixed with
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Lithofacies Nomenclature i Depth (m)’

fine to granular quartzose and quartzitic
-~ sandstone, sandstone composéd 30.‘(by vol.)
of unit ... . i, e re e et 594,91
Dolomitic limestone (5Y6i1); SMF 19/24, alternating
wlth caicitic dolomite (N4); SMF 19/24, laminae

2 to 3 cm thick often cut by sandstone or

carbonate AyKeS near  the DaS@ . ..eevevenersnnn.. 595.04

Shale (N2) and fine quartzose sandstone (N7), with

dolomitic limestone (5Y6/1): SMF 24 ............. 59508
Ddlomitic limestone (5Y6/1); SMF 19/2372&; alternating ‘
| with caleitic dolomite (N4); SMF 19/23/24, often
broken'by zones of medium to coarse quartzose-r'
sandstone (N7) .......ciiinninnnnnn ceseeaaneaas.. 595,39

Dolomitic 1imestoné (5Y6/l),ISﬁF 19/24, with'soft
sediment load structures intermixed witﬁ shaie .. 595.49
Dolomitic limestone (5Y5/1, 5Y6/l);‘SMF 19, with soft
| sediment load structures ané drag”folds, sparite

VugS cccccccc L I T T R R e R T 595.51
Dolomitic limestone (5Y6/1); SMF 24 , sparite infilling .

of gastropod molds .............. Ce e e 595.
SHale (N2) tetrereene s e e e e e weevene 595.87
Dolomitic limestone (5Y5/1); SMF 23 +uveverennnnnnnn... 595,88

Shale (N2/N3) with dolomitic limestone (5Y5/1); SMF(19 596.01
Dolomitie lim;stone (5Y6/1,N6) SMF 19/23/24, lamination
‘incliﬂed 150 from assumed horizontal, desiccation
cracks and mud chips abundant, fine quartzose

sandstone (N7)., dykes common, grading into caleitic

\

s
/

~

-



o | N

. 11
oA
Lithofacies , Nomenclature : Depth(m)
~ dolomite (N3); SMF 19/33 Pt ann e, et T596.52
calé¢itic ‘dolomite (N3); SMF 23, sparite filled velnleffs
and vugs common .................................. 597.00
Calcitic dolomite (N3/NM); SMF 19, with shale (N2) ...... 597.i0
Caleitic dolomite (N3): SMF 19, altefnating with .
* . dolomitic limestone (N3); SMF"19 ...... e, 597.94
Dolomitic limestone (5Y6/1); SMF 19 with both regular
and-ifregular taminae ...l 598.52
Calcitic dolomite (Sf;/l); SMF .19 and dolomitic
limestone (5Y6/1); SMF 1§ both argillaceous ..... 598.69
Dolomitic limestone (5Y5/1) SMF 23 grading into '
limestone (5Y5/I); SMF 23 ........... e e 598l83
Shale (N2) alternating with dolomitic limestone (5Y6/1);
SMF 23 ... el N eeeiei..... 508,90
,\Dolomitic limestone (5Y5/l) SMF 23 e 599.65
Dolomitic limestone (SY?/l); SMF 24, alternating with fine
and medium quartzose and quartzitic sandstone .... 599.67
Dolomitic limzstone (5Y5/1) SMF 19, alternating with
 caleitie dolomite (N3/NL); SMF 19 and shale (N2) . 600,04
“Dolomitic limestone (5Y5/1) SMF 23, sharp upper boundary 600.15
Dolomific limestone (5Y5/1) SMF 19/2“, alternating with |
calcitic dolomite (NU); SMF 19/24, deformed laminae
and sparite vugs common .............. i{' ......... 600.32
- Caleltic dolomite (N3); SMF 23, grading Into dolomite
(N3); SMF 23 ..o .......... R 600,44
Shale' (N2) :................J..f...:f .................... 600,47
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Lithofacies LS Nomenclature . Depth (m)
- Caleitic dolomite (Ngii_ng L 600.58
Shale (N2) ..o e 600.65
,Caleitic dolomite (N3) SME 19723 woiiiiiviinion i 601.04
Shale (N2) ...... ...l ; ........... S 601,10

Shale (N2) grading into argillaceous calecitic dolomite

(N4); SMR 19 S e Ceeve.... 601.51
Shale (N2) ........... e Cereaaa. 1.2...........:. 601.52
Caleitic dolomite (N3), SMF 1 /23 ...... _..;..........;:. 601.76
Caleitic dolomite (N3); SMF l;>a1ternating with shale

(N2) .. SERERETETTIOn R .. 601.78
Dolomitic lime;&one (5Y5/1); SMF 19/2&, Sparite vugs, _
sharp erosional lower boundary .................. 602.07
Dolomite (5Y5/1); SMF 19/24, alternating with caleitic
) dolomite. (N4, 5Y5/1); sSMp 19724, desiccation
. cracks common ..., :,...f .................... ce.. 603,44
Dolomite (5Y6/1); SMF 19, alternating with calecitic
| dolomite (SY6/1); SMF 19 ........i........ ... 604.03"

Shale (N2), alterng%ing with calcitic dolomite (N4);

SME 28 e, eeeaul. 604,23

Dolomite (N4); SMF 19/2H, rip - up clasts and

+desiceation eracks inecreasing in abundances toward

base....,.. R S iy 665.0?
Shale (N2); interlayered with calcitic dolomite (Nb);

SMF 19 oo (TP e 605. 24
Calc;tic dolomite (N4); SMF 19/24, alternating with

dolomitic limestone (N3); SMF 19724, desiccatién

cracks iﬁiﬂease toward. base ........ e, 6p5.52

X 3 . ‘
T e e e
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Lithofacies Nomenclature Depth(m)
Shale (N2), with calcitic dolomite (N3); SMF 24
116N0CIASES +enreennnss e, e, veev.. 605.57
Shale N2) ..... T T 605.60
Dolomitic limestone (5Y5/1); SMF 19, abundant sﬁarité
VUES «evvevnnnnns e DU civv.. 605.79
Dolomitic limestone (N2,5Y5/1); SMF 19/24 ............. 605.95
. Dolomitic limestoné (5Y¥6/1); SMF 19/20 ........ veeeaae B06.54
calbitic dolomite (N6,5Y6/1); SMF 19 ....... . vee.. 606.67
~Calcitic dolomite (5Y6/1); SMF 24 .....vviiiinnnn «.... 606.83
Dolomitic limestone (5Y6/1); SMF 23 ueveeesenensisen. 607.05
Shale (N2) vvveveennaens N e veveeera.. 607.08
Dolomitic limestone (5Y6/1); SMF 19 ...c.ideicnnincarnnns 607.11
" Shale (N2) ......... e 607..13
Dolomititic liméspone_(5Y6/1); SMF 19/20 ..... e .. 607.32
Dolomitic limestone (5Y6/1§;,SMF 23' ....... ........(?.. 607.38
Shale (N2) .eeveen.. .;.....,, ......... I S 607.39
Dolomitic limestone (5¥6/1); SME 10723 wevvenreennennen 607.50
Shale (N2) .uneeeecenernnn. ;G}........;....,.\ ..... .. 607.56
Dolomitic limestone (5Y6/1); SME 23 interlayered with ’
: fine to medium quartzose sandstone, molds of
~ selenite crystals ? .....eiiiiiiiiiiiiiiiiienan 607.87
Dolomitic limestone (5Y6/1); SMF 19, strongly
bioturbated ....... 00000 .’ ........ eeveeens.s.. 608.39
3 ‘ ) . W ’ Y
Dolomitic limestone (5Y6/1); SMF'23, with irr-;-la?’ -
| épaie (N2) 1aminge .....coceeevnnanens e .. 608.75

Dolomitic limestone (5Y6/i);‘SMF 19/24, strongly
P

e i

B LR TOPIPOEe B PP
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Lithofacies N Nomenclature . Dépth (i)
bioturhated near base ......... e e . 608.84
Dolomitic limestone (N6); SMF 23 ....ccevnvnivnininennnn. 608.91

Dolomitic limestone (5Y5/1,5Y6/1); SMF 19/24, rip - up
clasts aﬁd desiccation cracks abundant near base 609.42

Dolomitic limestone (N4, 5Y5/1); SMF 23 ......... Ve 609.80

_Dolomitic 1limestone (5Y6/1); SMF 19, strongly

DLOLULDAEEA + v v eese s enneenseanneeenneeanneenne, 609,94
S . ) 1
Dolomitic limestone (NU,5Y6/1); SMF 19/20, bulbous

biloturbated, laminae poorly defined

Shale (N2) .utetnrieoeeronncnasnans ettt ae e

Dolomitic limestone (N4); SMF 19, with laminae of very

fine to fine quartzose sandstone ........ieevevan 610.68
Dolomitic limestone (5¥6/1); SMF 24 .evonnnn... Veurrn.s 610.73
Doldhititié‘limestone (5Y6/1); SMF 19724 ........cou0s 610.85
"Shale (N2) ...ivvennnennn. e eeeeeseiaa e L... 610.87 -

Dolomitic limestone (5Y6/1); SMF 19/20, with fine
quartzose sandstone , alternating with calcitic
dolomite (5Y5/1); SMF 19/2 ..ueveceteennannnnnns 611.21

Calcitic dolomite (5Y6/1); SMF 19, alternating with

«. dolomitic limestone (5Y6/1); SMF 19 .......... v.. 611.26
‘Caleitic dolomite (5¥6/1); SMF 24 ...vvvviennnnnnnnnnn, 611.29
Calcitic dolomite (5¥6/1); SMF 23 ..... e e
Shale (N2) .ouvenrunnnn.. S e =
Calcitic delomite (5Y6/1); SMF 23 .: ..........




Lithofacies - ~ Nomenclature . Depth {(m)
Shale (N2) ........ S “:"'7"‘5““;"“? .......... 611.47
Calcitic dolomite\ (5Y6/1); SMF 23 ..1.ueiveeivneenennn. 611:58
Calcitic Dolomi;:\>§Y67f);‘SMF 19, étrongly bioturbated 611.80°
Shale (N2) <evvvnvenn. S P PP ce.ev. 611,84
Caleitic, dolomite (5Y6/1); SMF 19 ...i.veeeeveennn... .. 611.87
Shale (N2) ....vevnn. [T e 611.90
Calcitic dolomite (5Y6/1); SMF 23, selenite‘crystals? : 611.91
Shale (N2) tuuuviienenieninanenernnannns i il 612,07
Calcitic dolomite (N5); 19/23, selenite crystéls ...... 612.08
Caleitic dolomite (N5);- SMF 23, with shale (N2)........ 612.13
Dolomitic 1imestone-(5Y6/1); SME20 v tvateernnnnnns. . 612.28

Dolomitic limestone (5Y6/1); SMF 24, desiccation cracks

L3

and rip-up clasts N LA R T ERE PRy 612.64
Dolomitic limestone (5?6/:);pSMF 19, strongly bioturb.. 612.70
Shale (N2) ......... e e, e 612.76
Caleitic dolomite (5Y6/15; SMF 19/28 ©vivnnennn. P 612.78
Shale (N2) .e.evnrn.n. e e 612,87
Calcitic dolomite (5Y6/1); SMF 23 ...1..;.L...f ....... . 612.90
‘Shale (N2) ......... e '...;,..i........;...ﬁ....ﬂ612.93
Calecitic dolomite (5Y6/1); SMF 23 .uvuuennnnnn iiiiae... 612.95
Caleitic dolomite (5Y6/1); SMF 19/24, desiccation cracks

and.rip—up clasts éommon et ee e PR 613.00

_léha1e~(N2) ..... e S wereeriieees... 613,15

Caleitic dolomite (5 6/1), SMF 24, -interlayered with
fine qua 7 SANASEONE - vttt it e 613.18
Calcitic dolomfite #N4., 5Y6/1); SMF 19/23, alternating

with dolomitic limestone (N4); SMF 19............ 613.41



[

-, ° N ¥

Y

Lithofacies - Nomenclature . : Depth (m)
D9£om1t;c limestone (N4); SMF 19, arglllaceous ....... 613,46
Dolomitic limestone (N4); SMF-19/23, sparite véinlets 613.52
Dolomitlc limestone (5Y5/1); SMF 23, sparite veinlets
©and shale (N2) oovuvvvenernns .. 614,02
- Dolomitic limestgne (N4/NS); SMF '19/20?, soft sediment
‘ deformation ............ e PR e e 614,30
Dolomitic limestong (N5); SMF123 e ree e 614.54
Dolomitic limestone (N4/N5); SMF 1972k, rip-up clasts
in medium quartzose sandstone at base ........... 614.57
« -Shale (N2) ................. ‘..“l...........ty.. ....... 614.62
_ Dolomitic limestone (5Y5/1); SMF 19/23 ....f} ......... 614.63
Dolomitic limestone (5Y5/1); SMF 19 .,.....x\ ......... 614.68
Dolomitic limestone (5Y6/1); SMF 19/23, strong%y
bioturbated .......... e e 61L.89
Caleitic dolomite (5Y5/1); SMF 23, sparite vugs ...,.. 615.17
Dolomite (5Y5/1); SMF 19, argillaceous ............... 615.75
Calcitic dolomite (N5,5Y6/1); SMF 19/20/23 ... ... 616.50
Shale (N2)uuusuueseesuaesnn R 616.52
Dolomitic liméestone (N5,5Y5}l); SMF 11/23; alternatihg -
" with shale (Né) at 3 to dm-interfals; lower 5 cm
grade into éMF 19 ..... ;.:. ........ e ..., B16.76
Dolomit-i\c l_imestone (5¥671); SMF 20/217 ..... IR 616.93
. Shale (N2) ................... e e, .higxuf17.ou
Dolomitic limestone (5Y6/1); SMF 23 with irregular
shale (N2).laminae ........... St et ie e e e 617.09
Dolomitic limestone (5Y6/1); SMF 19 suvevinaniiii N 617,19

Lok e i et e e ¢ el



Lithofacles Nomenclature ' Depth
Dolemitic limestone (5Y5/1); SMF 23 v'vvivennnnnnnnn. w. 617
Dolomitic limestone (5Y5/1); SMF 24 ........ e 618

Dolomitic limestone (5Y5/1); SMF 19/23, moderately
' . N 7 »

~bloturbated ..., . . e e, 618
Dolomitic limestone (5Y5/1); SMF 23 uvenervnnnnnnn... 618
Shale (N2) ..i..vvvnnvunn..., AP (e et eoesonnennnnenn . 618

Dolomitic limestone (5Y5/1); SMF 23, with shale (N2)

' h ~ -
laminae ........... e ar sttt et 618

Do;omitic limestone (5Y5/1); SMF 24, desiccation cracks

§  and rip-up clasts abundant -............ e, 618

Shale (N2) ............ e et ettt e et ne e, 618

Dolomitic limestone (SYS}l); SMF'23, sparite vugs
e 618

Shale (NE) with clasts of dolomitic limestone (5Y5/1);

SME 2h 620
Dolomitlic limestone (5Y5/1); SMF 19/23 ..uvevvnn...... 620
Dolomitic limestone (5Y6/1); SMF 24 ............... ... 620

- Dolomitic liméstone (5Y6/1); SMF 23, sparite vugs

Dolomitic limestone (5Y6/1, 5Y7/1); SMF 19, laminae

thicken toward bige ................ et e L. 620
Calcitic dolomite (NL/N5), SMF‘23, sparite vugs.common 621
Calcitic dolomite (ﬁs); SMF 19723 vunvevnnnnnnnnnnn.. .. 623
Calcitic dolomite (N5); SMF 19 v.vuvivrnnernnnnnnnn... 623

Calcltlc dolomite (N4/N5); SMF 19/23 alternating with °

e ks LW U a5 o bis e - ———y

17

.61
.20

.25
LAl
.57
.59
.64

.73
.84

.86

.02
.16
.33

.40

.88
.48
.11

.37



18
Lithofacies ;%omenclature Depth (m)
dolomitic lime‘stone (N4 /NS); SMF 19/23 ... £24.54
'Doiomitic limestone (N4/N5); SMF 19/23, argillaéeous 6257&4
Dolomitic limestone (N4/N5); SMF 24, argillaceous ...,. 625.75
A' Dolomitic limestone (N4/N5); SMF 19/23 .............;. £25.89
Dolomiticilimestone (N6); SMF 19, strongly bioturbated 626.97
Dolomitic limestone (NU/N ); SMF 19/23 vverrirnvrnann £27.19
Calcitic dolomité (N6); SMF 19A23; SMﬁ 19 1ncreésing
with shale (N2) and degree of biloturbation toward
DASE e e 628.19
Dolomitic limestone (N4/N6); SMF 19/23 ..... e 630.02
Dolomitic limestone (N4/N5); SMF 19/202/23/24, shale
(N2) increase toward base .....ceveveere., :..;... 631.27
Dolomitic limestone (NA/NG); SMF 19 ....oveivunvninenn... 632,05
Dolomitic limestone (NU/N6); SMF 23 . ..viiivennnnnnnss 632.25
Dolomitic limestone (NU/NE); SMF 24 ...veinrinnnnnnnn. 632.46
Dolomitic limestone (NM/N6); SMF 23/24 ............... ' 632.57
Dolomitic limestone (N4/N6); SMF 19/é3 ............... 632.7Q
Dolomitic limestohe (N6); SMF 19, with shale (N2) .... 633.68
Calcitic dolomite (N6); SMF 23 ..........uvvennn.. ... 634,89
Caleltic dolmite_(NS);rSMF I 635.16
Calecitic d&lomite (N5); SMF 23 tivivieitmnnnnneenennnn 636.80
Dolomitic limestone (N5); SMF 19, strongly bloturbated 637.26
Dolomitic limestone (N5); SMF 24 ,....... ettt en e 637.67
“Dolomitic limestone (N5J; SMF 19/23 veuvvornonnnnnn.. 637.85
Dolomitic limestone (N5); SMP 19728 t.iiiiiiiiien.n. 637.97
Dolomitic limestone (N5); SMF 19/23 »ourunennrnnsnnnn. 638.32

PR G S P ;._:.._u.‘ L

[P
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Lithofacies NomencIature Depth (m)

Dolomitic limestone (N5); SMF 19, strongly biloturbated 640,41
. A

Shale (N2) ........... e, e 640 . 4Y
Dolomitic limestone (N5); SMF 19/23 .............. ... 640.47
Dolomitic limestone (NS5); SMF 23/24 ..vvuvunnnnnnnn... 641.00
Dolomitic’ limestone (N5); ‘SMF 19/24 ....... et e e 641,20
Dolomitic limestone (N5); SMF 20/21% wuurovrnonnonn... 641,51
Calcitic dolomite (NU); SMF 23 t'vvveeverenrnnnnnnnn.. 641.72
Calcitic dolomlte (N4/N5); SMF 19/23/24, strongly

bloturbated in zones+......... e, . 6U2.72
Shale (N2) .............. P e taae e it 643.54

Calcitic dolomite (N4); SMF 19, strongly biloturbated . 643,57
Calcitlic dolomite (N4/N5); SMF 19/23, laminae poorly

defined ... oot i 643.66
Calcitic dolomite\ (N4/NS); SMF 23, becoming

arglliaceous toward base ...vesesreerenennnnnn... 643,85
Dolomitic limestone (N4/N5); SMF 19, alternating with

calcitic dolomite (N4/N5); SMF 19 Ceiras e ead - 644 09
Dolomitic limestone (Ni); SMF 23, with shale (N2)

laminae ....... P e, ITRY
Shale (N2) ........ e etreeceer e, e 64l 34
Dolomitic limestone (N4/N5); SMF 19/24, strongly

bioturbated, lithoclasts and gastropod biceldasts

in medium quartzose sandstone at base :{.....u..; 644,36

. Limestone (N4, 5Y5/1); SMF 23 .....; ................ J. B4, g7

74 A
Dolomitic limestone (5Y5/1); SMF 23, shale at 3 te 5 em

S

intervals ......cvuvn.... ettt e, ... 645,26
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Lithofacies Nomenclature Depth (m)
Dolomitic limestone (NS,SYS/l); SMF 19/2H,Ia1ternating

with limestone (N5, 5Y5/1); SMF 19/24, laminae

poorly defined . T ....... enerea s 645,38
Dolomitic limestone (N5,5Y¥5/1); SMF 13719/2&,

alternating with limestone (N5, 5Y5/1);SMF 13/19/

24,0nKo1dS «.vvinsnenns PUUTUTII TR 645.57
Limestone (N5,5Y5/1); SMF 19/23; laminae poorly . |

defined ... itine e rarresssancanacnns e e 645.87
Limestone (N5,5Y5/1); SMF 19 .....v... e 646.81
Dolomitic limestone (5Y6/1, 5Y7/1), SMF 23 ...... e 646.94
Dolomitic limestone (5Y7/1);. SMF 19/21/24, alternating

with calcltic dolomite ¢5Y7/1); SMF 19/24 ....... 647.06
Dolomitic limestone (5Y6/1, 5Y7/1); SMF 19/23,- '

alternating with calcitic dplomite (5Y6/1, 5Y7/1);

SMF 19/23, SMF 23 increasing toward base ........ glu7.22
Calcitic dolomite (N5,5Y5/1); SMF 19/20 e 647,42
Calcitic dolomite (N5); SMF 19/23/24 ......... Ceenaan 647.94
.Dolomite (NU); SMF 19, :Lnte_;rjlayered.with fine quartzose

sandstone, sparite Filled ostrocod? shells ...... 64?.56
Dolomiti (NU/NS): SMF 19/23 alternating with fine &

quartéose sandstone, sparlte vugs common near

DASE +vvetierenanenraornrnnns Creeaieeshaa e 648,88
Calcitic dolomite (N5); SMF 24, interlayered with

medium quartzose sandstone .............ioiiion 650.25
Calcltic dolom%te (N5); SMF 23 tvvveeenrnransioananans 650.37
Calecitic dolomite (N5); SMF 24 ................: ...... -651.05
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Nomenelature Depth (m)

Calcitic dolomite (N4/NS5); SMF 19/23 ... e, 651.32

Caleltic dolomite (N5);

SMF 19, alternating with

dolomitic¢ limestone (N5); SMF 19, .strongly

bioturbated, brachiopod shell fdgments 'and .’

flaser of shale (N2) common, sparite vugs ...... 651.97

Dolomitic limestone (NS); SMF 19 .................... 653.21

Dolomitic limestone (N5); SMF 24, soft sediment

' deformation ....... R TR T Cereeas 653.63
*Dolomltic limestone (N5); SMF 19 v..lvuviuunnennn.. .. 653.63
Dolomitic limestone (N5); SMF 24 .................... 655 .07
Shale (N2) ..... ] e 655.12

Dolomitic limestone (N5); SMF 19, strongly biloturbated;

brachiopod and-ostracode shell fragments ..... 555.1§

Shale (N2) oo 655.81

Dolomitic limestone (N5); SMF 23 s with isolated

shale (N2) laminae and‘sparite VUES t%eennnnnn.. 655,82
Dolomitiec limestone (N5)5 SMF 19 v.uuuunnnnunnnnnn.., 656.10
Dolomitic limestone (N5); SMF 19, argillaceous. ...... 656.39
Shale (N2) .................. e e 656.91
Dolomitic limestone (N5/N6); SMF 19/24 ...... I 656.93
Dolomitic limestone (N5/N6); SMF 19/20/22/24 ........ 657 .37

Dolomitic limestone
with limestone
biocclasts increasing toward

Dolomitic limestone (N5/N6); SMF

boundary

(N5/N6); SMF 19, alternating
(N5/N6); SMF 19, ostracode

--------------------




Lithofacles Nomenclature Depth (m)

Dolomitic limestone (N4/N5); SMF 19, sharp upper

boundary, ostracode and brachiopod bioclasté,

Sparite VUES ...viivivaonnenorsnons e eete e 657
Dolomitilc liﬁestone (NS/N6); SMF 19, alternating at

9 to 14 em with 1 to 2 cm thick shale (N2)

LAMINGAE v vvvneerrneennesenuacennnsss e 658
Dolomitic limestone (N5/N6); SMF 19/24 .......... S 658
Dolomitic limestone (N5); SMF 19/23,.‘ ................. 658

Dolomitic limestone (N§); SMF 19, with shale (N2) .... 659
Dolomitic limestone (N5); SMF 19/23, with gastropod
biloclasts COMMON v ewewenvoesen et 659

Délomitic limestone (N5); SMF 23, grading downward into

22

.90

.01
46
.69
.02

.89

calcitic dolomite (N5); SMF 23 .. wiieevsveenonsen 660.80
Dolomitic limestone (N5, 5Y5/1); SMF 19/24 ........... 660.98
Calecltic dolqmite (5Y6/1); SMF 2“ ..... N i e e 661.20
Calcitic dolomite (5Y6/1); SMF 19/24, SMF 24 occurring
' in 3 narro; BONES +eoveonsosrusossersonsaransanns 661.31
Caleitic dolomite (5Y6/1); SMF 19, small scale current

| ripples ...................; ........... A 661.54

Caleitic dolomite (5Y6/1); SMF 19/24, with flaser beds,

>

fine to medium quartzose sandstone in SMF 24 .... 662

caleitic dolomite (N5); SMF 19, sparite veinlets ..... 662.

,Caleitic dolomite (5Y6/1); SMF 19/24 , soft sediment

.33

82

AETOTMALLION & v vessvonseorsneanssssssosesnoannnsss 662 .86
Calcitic dolomite (N5); SMEF 19/23 wevecrcerensccneenns 662.93
ShALE (N2) e eeste e s anesnesasasasnnasaansnsss e 663.36

Caleitic dolomite (N6/NT7); SMF 19/24, occurring in

9
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Lithofacies _ Nomendiature ’ Depth (m)

T ZONES ittt enisennencnnsnenssnsns e ves.. 663,57

Calcitic dolomite (N6/N7); SMF 24 ....... Ceeeraaar e 664.12
' N >

Buck Briége Formation

March Member

-

Calcitic dolomifé (N6/N7); SMF 24, sharp upper boundary

s intermlxed with finé to medium ‘gquartzose

BE<3= o e U8 o) o = 664.38
Fine to medium quartzose sandstbﬂe (5YH9/1); even

paralléf'laminae, moderately bioturbated ........ ‘66N.M9
~Shale (N2) ..viivnuninnn.. eeeens P ih e eeeaaaaas veesan. 664.55
Dolomitic limestone (N6/N7); SMF 19/24, sandy, sparite

VUES COMMON s s esn e eeene s ameneamnneeneenn ... 664.56
Fine té medium quartzose sandstone (N8), unlaminated ‘

grading downward into dolomitic limestone (N67N7); '
PP e 665.10
Dolomitic limestone;(N6/N7); SMF 19, with zones of -
@ fine to medium quartzose sandstone (N?), parallel
laminae ........v0uuns Gt et et ecet et e e 665.70
Fine to medium sandstone (N7); even, parallel lamlnae -

interlayered with dolomltic limestone (N6), SMF

19, sand 40 to 60% of unit ........ e eea....666.31
Dolomite (N5); SMF 24, mixed with fine quartzose

sandstone and'dolémitic limestone (N6/N7); SMF 19'

clasts ...oo.vvniian., ;' ............... e e et 666.60



Lithofacies Nomenclature ' Depth (m)
, :
~ Dolomite (N5); SMF 24, intermixed with shale (N2)
and fine to medium quartzose sandstone, sparite
vUgs increasiné in abundants toward‘base ........
Dolomite (N5); SMF 2“,’desiccation cracks infilled wifh
fine to medium duartzose séﬁdstone ...‘ ....... ..v. 667.00
Fine quartzose sandstone (NB8/N9); even parallel laminae,
flasgr bedding ...........coiiiil... e e 667.10
Fine quartzose sandstone (N8/N9.); even parallel laminae, .
dolomitic limestone {N5/N6); SMF 24, rip-up
clasts ..., e ee e, ... 667.57
Dolomitic limestone (N5/N6); SMF 24, with flaser
beddiﬁg, sharp upper and lower boundaries ....... 668.22
Dolomitc limestone (N5/NG); SMF 24, with flaser

bedding, grading downward into very fine
5 '

quartzose sandstone .. .......eenronn.... AN 668.30

Fine quartzose sandstone (N8); small scale ripples .... 668.56

Heuvelton member

\

Very fine to fine quartzitic sandstone'(NT/NB); flaser
bedding, laminae 2 to 8 cm thick (ave. 3 cm),

small scale ripples (RI 5 to 14) ............... 668.78

Fine quartzose sandstone (N7); with bifurcated wavy
i flaser bedding .. .......oveeeeunr.nn.. et 669.69
Fine quartzose sandstone (5PB5/2); unlaminated ........ 669.88

Fine quartzose sandstone (N8); even parallel laminae

LY .

PN
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Lithofacies Nomeneclature ' Depth (m)
disrupted in 2 narrow zones ... ...ieveiiaan. e 670.16

Silty to very fine quartzose_sandstoné (N8); lamihatiqn
| dis;ﬁpted, quantity of silt and carbonéhe cement
increasing toward base ....oeveecenanen. S 670.28,
Dolomitic limestone (5PB5/2); SMF.2H, grading into
silt and fine quartzose sandétone_(?ﬁfﬁ sparite
VUZS COMIMON v v v v s s v ensensnnoes B 676;38
Dolomitic limestone (5PB5/2); SMF'2§7£K, grading down
i into very fine quartzose sandstone (NB)., ........ 670.70
Shale (N2) .......... e, et [ 670.81
Very fine quartzose sandstone (N8); efeﬁ parallel
laminae, Chondrfté? burrows .........;..........: 670.82
Verﬁ.fine to-fihé quartzose éandstone (N8, 5PB5/25; even -
parallel laminae, bedding 5 to i2 cm thick, lower
~60 cm has increg§e.in shale(N2)'aﬁd 5PB5/2 .
colouration towagg the base,.érqsignal‘bouhdaries .
| at 4 cm‘}ntervéls R A e 671.17
Fine @o medium qﬁartzosé\éandstoné (N8); even pérallel
laminae, erosional boundaries.at 7 to 3 cm
INEEIVALS Tttty eitenrirenr e eraeanae e, 672.60
Fine to medium quaftzose sandstone (N8); ripples up to ‘
2.5 cm high (as&mmetric),even,‘parallel iaminae . 673.HM
" Dolomitic limestone (N4); SMF 19/24, alternating with
. shale (N2) at 0.3 to 1 cm intervals ............. 673.68

Quartzose paraconglomerate (5B7/1); clasts up to -4.5¢,

quartz with pyrite veinlets and fluid vacuoles,

4
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Lithofaclies . Nomenclature : Depth (m)
5. . ' . . K

delomitic limestone (N5); SMF 19/24, cement ..... 673.72

Fine to coarse quartzose sand;pone (Ng); flaser ‘
bedding .......... PP 673.80
Quartzose paraconglomerate (5B7/6)i clasts up to -3¢
‘ size, dolomitic limestone (N4); SMF 24, cement .. 673.95 Vo
Silt%fo very fine quartzose sandstone (N9); even,
./ parfai_lel 12MiNae . fvepevnnn. FERR PP 673.99 * -
Dolomitic liméétone (N4, 5P55/1j; SMF 19, with shale(N2)
laminations, soft sediment deformation common ... 674.04 -

Fine to medium quartzitic sandstone (N8); even, parallel

laminae, flaser bedding commonll ..... R vees.. BTH, 22
| I

Medium quartzose. sandstone (5PB5/1); SMF 19, even,

parallel laminae 5 mm thick ........... eeeees... BT5.69 ~
Fine to medium quartzltic sandstone (NB8); without
lamination ].......;..,...Z:; ....... e e 675.77
Very fine to flne quartzose sandstone {N8): without P\\\V'
lamination ......eeiivioneneennons i I 675.88
Polymictic paraconglomerate (N8,5PB5/1); clasts of
. metaquartzite (N8), up to =3 ¢ size, intermixed
~ with dolomitic limestone (5PB5/1); SMF 24,
rip-up clasts, dolomitic 'limestone (5PB5/1);
SMF 24, cement‘.: ....... P ¥ £ 98 1
Fine to medium quartzose sandéténé.(NB); even, parallel
laminae, flaser bedding.iﬁ zones,aérbsional

‘boundafies (5 ZONES) i uuiceeenenanecasaneanananss 676.04

Fine to coarse quartzitic sandstone(N8); even, parallel

g e - ————
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' ‘Lithofacies Nomeclature Depth (m)

~1aminae, flaser bedding at regularfrﬁfg;;;is co.. 676227

Very filne to fine quartzosé \sandstone (N7); even parallel

laminae,\igall scale ripples and flaser bedding

occurring iq T ZONES vuvvvrnrerevaneonsonnsennns . 677.57
Fine to coarse quartgose sandstone (5PB5/1); even,

parallel léminae.: .............. o, e ianaas 679.64
Fine to coarse quartzose sandstone (NB);»even parallel

laminde and flaser beddifg .......... P 679.74
Firle to coarse quartzose sandstone (5PB5/1); even,

parallel laminae, shale (N2) at irregular intervals,

brachiopod bioclasts common "'t"""“; ........ 679.94
Finelquartzose sandéténe (5PB5/1); even, parallel léminae

and flaser bedding occurring in STéones ...... ... 680.26
Fine to medium quartzose sandstone (N8/ﬁ9); even,

parallelriaminae ..... SR :....: ...............
Fine to medium quartzose sandstone (5PB5/1); flaser

bédding, shale'incqgasing toward base ........0..
Very_fine to fine quartzose sandstone_(SEBS/l); even,

. parallel laminae_and fléser bedding., moaerﬁtely

©

bioturbated ........ F R P 683.18.

\

Fine to medium quartzose sandstone (5PB5/1); even, parallel .
B 0 - X e .. 684,64
Fine to ccarse quartzitic sandstone (N8); even, parallel

laminae grading into unlaminated bedding in &

L ZOMeS .. - ...... P et ceenase. 685,13 °

Fine quartzitic sandstone (N8); poorly defined laminae

occasionally broken by wavy flaser bedding .... 685.55

-

S

e gL
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Lithofacies Nomenclature ' Depth (m)

Fine Quartzitic sandstone (N8); strongly biloturbated .. 685,70

Shale (N2) ............... e e e 685.80
Fine fo medium'quartzose sandstone (5PB5/1); even,
" parallel laminae with flasen edding zones ...... 686.04

r

Fine to medium quartzose sandston (N8); even, parallel

1apinae to flaser bedding, flaser bedding becdming

more abundant toward base ............. ‘. ........... 687.10
Fine to medium quartzose sandstone (N8); even; parallel
| laminae, unlaminated.and flaser bedding, laminae

2 to 3 em thick ............. l..... ............... 687.45
Véry coarse quartzose sandstone (N8); clasts up to -3¢

‘size, limestone (N7); SMF 23, cement .‘.- ......... 688.62
Very fine quartzose'sandstone (N7/N8); flaser bedding . 688.67
Very fine ‘to fine quartzosg'sandsténe‘(5PBS/1); even,

parallel laminae and wavy flaser bedding ........ 688.98
Fine to medium quartzose sandstone (N7, 5PB8/1);"

unlaminated, 3 zones of colour gradation ........ 682.51
Pine to medium quartzitic sandstone.(NB); unlaminated

bedding alternating with flaser bedding, stropgly

bioturbated ................. e Cereeenaans .. 690.12
Fine to medium.Quartzose sandstone (N8); graded bedding
from 5 to 15 em thick ....... R teeserensana . 632.81
Fine to medium quartzose sandstone (N8); unlaminated .. 693.53
Fine to medium quartzose sandstone (5PB5/1); 1amiqae

dis;ugted by moderate bloturbation ...... e . 694.38

S1lty to fine quartzose sandstone (NB); unlaminated with

3
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.+ Lithofacies . Nomenclature Depth (mj

flaser bedding. in narroﬁ ZONES ........ veeeneen.. 694,69

Fine to medium quartzose sandstone (N8, 5 B5/1)§'even,
4 parallel laminae grading into unlaminated beds

(35 zones), each zone mérkéd by thin flasep ‘

bedding boundary ............ e Ceteinaan, iv... 695.98
Fine to medium quartzose sandstone (N7); even, parallel

laminae alternating with flaser bedding (5 zones),

carbonate and mud increasing toward base ........ £98.91
Fine to medium QuartZOSe sandstone (N5); unlaminated .. 699.32
Fine to médium quartzose saﬁdstone (N7/N8); unlaminated
‘ bédg grading.into polymictic pafaconglbmerate of

limestone (N5); SMF 23, clasts and metaqqartzité

olasts up to -3¢ size . £99.52
Fine to medium quartzose sandstone (N8/N9); even,

parallel laminae withlzones oP‘coarS?ngastg,

flaser bedding of dolomitic limestone (N5) ...... 700.13
Fine to medium quarpzose sandstone (5Y6/1); erosional

boundaries with dolomite rlp-up clasts ....... «.. 700.59
Fine to medium quartzose sandstone (5PB5/1); alternating

with‘medium'Quartzose sandstone (5Y6/1), dolomite

(5Y6/1); SMF 19/23/24 and dolomitic limestone

(N6/NT); SMF 19/23/2l, beds ettt er e '701.113

811ty to fine quartzose sandstone (NS); unlaminated and

flaser bedding .......... ettt et e, ... 702.56
Very fine quartzitic sandstone (N3); unlaminated ...... 702.76
Dolomitic limestone (N5); SMF 24 ..............0..o..... 702.88




T e e e T A Y A o A e e e .

30

Lithofacies . Nomenclature o Depth (m)

Very fine quartzose sandstone (N2); unlaminated ....... 702.

Fine to medium quartzitic sandstone (N7/N8); colouration.

N at 4 to 11 ecm spacing
Dolemitic limestone (5PB5/1); SMF 3
bedding ....... PR e e : 703
Eihe,to medium quartzitic sandstone (N7/N8); even,
. parailel laminae to ﬁnlaﬁinated bedding occurring
at 4 to 11 em intervals ....'vvueeeunnnnnnn.. .. 703
Dolomitic limestone (5PB5/1); SMF 19/24, grading toward

fine to medium quartzose sandstone (N7/N8);

sharp upper'boundary ................... Ch et 704,

Fine tp medium quartzose sandspone (N8); unlaminated and
flaser bedding grading toward fine duaftzitic
;andstone (N8)3 with flaser bedding ............. 705
Finerto.coérse quartzose sandstone (?PBS/I); erogional
boundaries with zones of large clasts up to -2¢
S1Z€ .viiiiunin..l. Cereaniaes . _...; ........ 706
_ Fine to,ﬁedium quartzltic sandstone (N8); even, parallel
laminae and flaser bedding .......... Cee e . 706
Fine to medium quartzose sandstone, (N8); even, Fﬁrallel
| laminae, unlaminated and fia§er bedding,;slightly
to moderately bioturbated, bioturbati??/{ncreasing
-toward base................ et eve.... 708
Fine to medium quartzitic sandstone (N8);,ev€ﬁ:/;;ralle1
laminae, unlaminated and flaser bedding, small scale

cross strata (2 to 4 cm high) at 2 to.4 em

U6

.56

42

.61

.76

.88

.05
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Lithofacies " Nomenclature ) Depth (m)
intervals, desleccation ecracks and b%gjﬂrbation
increasing toward base ............ ‘.u...;.........712.31

Fine to medium quartzose sandstone (5B9/1); flasep
bedding disrupted by biloturbation and desiccation
cracks, brachiopod bioclasts common ............. 712.79

Fine quartzitic sandstone (N8); unlaminated beds with
shale (N2) .evv.'nrunn.., e eewee. T12.89

Fine'to medium quartzose sandstone (5B9/1); even,
parallel laminae, moderately bioturbated,

burrows up to 3 cm deep, brachiopod
b10C1asts are COMMON ........ovuenenenennnn.. e...712.99

Fine to ﬁedium quartzitic sandstone (N8); even parallel ‘
laminae .. ..i it e :"1 ............ 713.37

Fine_fp medium quartzose éandstoﬁe (N8, 5B9/1); even,

pafaliel lamlnae, strongly biloturbated aﬁ irregular

_zones, brachiopod'bioclastS‘coﬁmon‘.lm..;.......n 7i3.58

' Fine to medium quartzose sandstone (5PB6/25; evenf
parallel laminae and cross strata up to 3 em
high, moderately biotd;bated .......... Z... ..... .. 713.90

Fine to medium quartzése sandstone (N8); even, parallel
laminae, unlaminated and flaser bedding mixed
with dolomitic limestone (5B9/1).....ov..... eeve. T1h 46

Shale (N2) tuvevrsnneennennseans e, Ceeeeeeie.. TIHLTO

Fine to medlium quartzose sandstone (N8); even, parallel

laminae and cross strata'up to 3 or 4 em high,

symmetric ripples (RI= 2) ...... e e, TTRLTL {

S S T
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Lithofafies L Nomenclature Depth (m)

.Fine

Fine

Fine

Fine

Fine

Fine

Fine

Fine

to medium quartzose sandstone'(NB,‘5P86/1); even,
parallel laminae and flaser bedding, deslccation,

cracks common, colbur grades Into N8 towarag

base ..iveiinriitnenn, ettt et er e e e 715,70

to medium quartzose sandstone (N8); eveﬁ, parallel
laminae and ecross strata up to 2 cm high, ripﬁles

(RI= 1 to 15), bedding 6 to 10 cm thick ...... ... T715.94
to medium quartzose sandstone (SPBG/lJ; even, °

parallel laminae and flaqer_beddiné, beds 6 to

12 em thick ...vvvnenn.... e e .. 718.52

to medium quartzitic sandstone (N8); planar cross

" strata up te 4 em high, brachiopod bioclasts

quartéose sandspone (N8); even,'parallel'laminae

and flaser bedding at ‘10 cm intervals .......... . 719.55
to medium quartzése sandstone (5PB6/1); é;en,

parallel laminsge with shale‘(Ne) at irregular

intervals ..... ...:..: ..... t e s s e et veeee '719.79
to medium quartzltic sandstone (N8); even,

pérallel laminae and planar crosswftrata up to

6 cm high, grading into fine quartzose sandstone

(N8) and dolomitic limestone (5PB5/1); SMP 19,

toward base ...ii.iie™N i et ;--...a.. 719.94
ta medium quartzosé sandstone (N8, 5PB5/1); even,
parallel lamlnae grading downward into dolomific

limestone (5PB5/1); SMF 19, éderately bloturbated 722.07

——

o
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Lith8facies Nomenclature Depth (i)

ine to medium quartzitie sandstone (N7/N8); even

parallel laminae, unlaminéted and flaser

bedding, Diplocrateri;n burrows up to 6 em

deep, cross strata from 4 to 5 cm high .......... -723.61
Pine to medium quartzose sandstone (N4, 5%B5/l);

even parallel laminae cut, by Diploeraterion

BUFTOWS e e 725.12
“ine to medium quartzose sandstone (N7); even

parallel laminae ..... e e e, L. 725.36

- L4
Potsdam Formation )/

Keeseﬁille’ﬂember
Fine to medium quartgzitic sandstone (5PB6/1); even

parallel laminae, moderately bioturbated:........ 726.44
Very—finq to fine quartzitic sandstone (N7/N8); even

parallel laminae, moderately bloturbated ........ 729.39
Shale (N5) .......... T e P 729.53
Iine to medium quartzitic sandstone (N5/N8);

unlaminated, colour darkening toward base '....... 729.63

Fine to medium quartzitic sandstone (N8); unlaminated
bedding wlth narrow zones of N5 or N6 colour
. laminae, 1in places moderately bioturbated ....... 729.69
Fihe to medium quartzitic sandstone (N8); even
parallel laminae up to 1 em thick, coarse to

granulé?‘sandstone and shale (N2) in narrow
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Lithofacies Nomenclature " o Depth (m)

disrupted zones
Fine quartzitic sandstone (N8, 5PB6/1); even laminae,
moderately bioturbat§d, in zones laminae show
_\E;ternating golburs, cross‘strata'S ecm high ..., 734,26
Medlum to coarse quartzitic sandstone (N8); even parallel
laminae interlayered with shale (N2), granular

< . sandstone at 5 to 8 cm intervals, ripples 1 to 2

cm in length (RI=1 to 4) v..vuorrnunilomnnnn 736.09
Fine to medium quartzitic ééndstone (N8); evéen parallel '

laminae intermixed with orthoqhartzitic

comglomerafes, clasts up to -6¢ size
Fine to medium quartzitic sandstone (NB); even parallel

laminae, unlaminated bedding interlayered with

shale (NU}, burrows abundant, grading into

org?oquartzitiqféonglomerate with -44 size clasts‘

near basé ................ Vet ean e e, 737.92
Fine-quartzitic sandstone (N8), even parallel laminae

alternating with orthoquartzitic congioﬁerates

in 4 zones
Fine to medium quartzitic sandstone, (N8); even

paraliel laminaei‘iow bioturbation, cross strata

3 fo 6 cm high, grading downward into flaser -

bedding ......., e, e, 740.97

‘Fine quartzitic sandstone (N3/N6); even parallel
laminae, isolated clasts of mlcroeline up to -1¢

size, quartz grains increasing in size toward.

M T A 4 ————

ST
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Lithofaciles ) Nomenclature : ~Depth - (m)
the base (... i i i e e 741.97

'ine, to medium quartzitic sandstone (N5/N7); eveh‘

‘parallel laminae, unlaminated and flaser bedding, °

shale (N2) clasts up to -1¢ siée ................ 742,18
IFine to medium quartzitic sandstene (N5/N7); even {

parallel laminae cut by shale (N3) laminae at

15 cm'intervals, current ripples up to 2 cm in *

length ...... [OTTT e e THT .67
Shale (N2) vevernrnnnnn.. e e, 748,28
I"ine to medium quartzitic sandsfone (N?/NB); even

parallel laminae, shale (N2) Interlayered in

middle of unit'at 15 to 19 em intervals ......... 748,34

IFine to medium quartzitic sandstone(9N5/NT7); even

laminae beds8 to 10 cm thick, crﬁss strata 8 cm

high, narrow coarse sandstone laminae toward base 749,50
Finé to medium quartzitic sandstone (NT/NS), even

parallel léminae iﬁtefléyered with shale (N3)

laminae, bioturbation low ' s 751.94
Shale (N2} ...... R - 753.14
Medium quartzitic sandstone (N7); even parallel laminae,

interlayéred with shéle (Nﬁ) seressaciecenena. 753,16
Fine to medium quartzitic sandstone (N6); even laminae

interlayered with shale (N&), éross‘strata 11 cm

high ..... P e e e e, 756.00
Fine to medium quartzitic sandstone (N8); moderately

e .
bioturbated, interlayered with™shale (N2/N7)

%\



Lithofacies : Nomenclature . Depth (m)
. / _ o : |
laminae.that thicken with depth ................. 756.13
Shale (N5) ............... e 763.52
Very.fine to medium quartzitic sandstone (N5/N7); even {

parallel laminae in graded bedding 60 em thick .. 763.59
Fine to medium quartzitic sandstone (N5/N8); ihterlayered
) with shale (N2) at 12 em intervals, shale up to
2 cm thick ........ e e it seee, SRR 766.57
Fine to medium quartzitic sandstone (N8); poorly, sorted,
brachiopod Hipclasts commoﬁ, interlayered with

shale (N4), flaser bedding, thin zones with large

quartz clasts up to -U¢ slze . i il iiii i, 776.84"
Shale (NU) ... i, e . 786.56
Fine to medium quartzitic sandstone (N8); interlayered
with shale (NWB) ..oovvenssise 786.59
. N |
Agéable Member | {

5ilt to medium quartzitiec sandstone (N9); grading into
» 811t to medium sSubarkose sandstone (5YR8/1) with
even parallal laminae Qg§£ are graded, feldspar
appears fresh with mininium visible chemical
alteration ................... e e e 788.25
Fine to medium subarkose to arkose (5G9/1, 5R§/2);
even lamination with graded beds, colour intensity

and feldspaf-contént inecreasing toward base,

5G9/1 associated with coarser sediment iaminae

Ha



T

Lithofacies Nomenclature

and” 5R8/2 with finer grain

.bedding common, asymmetric ripple up to 5 mm

Orthoquartzitic conglomerate {N7)

‘ 37

Depth (m)

v

laminae, flaser

within an arkose

(5R8/2) matrix, metaquartzite clasts up to ~5¢

Basal membenr

Fine to medium subarkose to arkose (5R8/U)5 even

lamination, heavy minerals common with their

‘slze increasing towardq base

s quartz grains become

increasingly angular with depth, shale'(NB) laminae

common often surroundegd by

up.to 5 mm high (RI = 10) .

5G9/6 laminae, ripples

Medium to coarse subarkose to arkose (5R8/4); interlayered

with shale (N3), arkosic conglomerate with

metaquartzic clasts up to -

: tlasts up'to -2.5¢ slze, gr

End *0f core ............ e .

5¢ sige énd microcline

alns subangular ...... 826.92

-



Sample

Code

10
11
12
13
14
15
16
17 -
18
19
20
21
22
23
24

25

Lot

16

.15

14

11

17

11

16

27

15

16

16
24
12

12

'12

12

-.18
24
22
34

38

Appendix 2

Location of Samples

1EQA?EEdS

Concession Township
v Escott |
IV‘. Yonge
Iv Yonge
ITI Yonge
IV Yonge
I11 Yonge
III Yonge
I Yonge
I Elizabethtown
v Yonge p
v & Yonge - -
Vv Yonge‘
v
IX Elizabethtown
VII Yonge
)

Vi Yonge
VI Yonge
VI;I Yonge
ITI Yonge
VII Lansdowne
I Yonge

" Leeds
v Leeds
V. Pittsburgh

County

Leeds
+ Leeds
Leeds
Lééds
Leeds
Leeds
Leeds
Leeds
Leeds
Leeds
Leeds
Leeds

Leeds

Leeds
Leeds
Léeds
Leeds
Leeds
Leeds
ieeds
" Leeds

\\Leeds

- 38

Province

Ontario

Ontario -

Ontario
Ontario
Ontario
Ontario
Ontario
Ontario
Ontario
Ontario
Ontario™
Ontario
Ontario
Ontario
Ontario
Ontario
Ontario
Ontario
Ontario
Ontario
Ontario

«‘~0ntario

Ontario



s

Sample
Code Let
26 13
27 23
28 24
29 T, 26
30, 31
31 26
32 31
33 39
34 1
35 19 -fza
36 13
37 15 - 18
41 s
42 25
44 24
45 6
46 23
47 24
48 23
50 22

51 “’Ez/ﬁ)

52 12
53 2
54 15
55 21
56 25

Concession
11T

IX

I1

II

I

ITI

VI

VII

Iv

X - X1

IX
IX

Iv

v

VI
VII

VIII

XIiT - .
VIT
IX

IX ™

Township

. - _
Pittsburgh

Croshy Nd;th
Croshy Norqh
Crdéby ﬁoﬁtﬁ
Crosby-NErth
Crosby,Nérth

Crosby North

'Crosby~NortB

Pittsburgh
Storfingboq
Storrington
Storrington
Crosby South
Bastard
Bastard

Crosby South

-Bastard

Bastard
Bastard
Bastard "
Bastard
Laﬂsdowne
Yonge

Yonge

Yonge

Lansdowne

County
Lékds
Leeds
Leed;_
Leeds
Leeds
Leeds
Leeds
Leeds
Leeﬂg
Leeds
Leeds
Leeds
Leeds
Leeds
Leeds
Leeds
Leeds
Leeds

Leeds

_ Leeds

Leeds

Leeds

Leeds

Leeds
Leeds

Leeds

39

Province
Ontario
Ontario
Ontario
Ontario
Ontario
OntariJ‘
On;ario
Ontario
Ontario
Ontario
-
Ontario
Ontario
Ontario
Onta;io
Ontario
Ongario
Ontario
Ontario
Ontario

Ontario

Ontario

.Ontario

Ontario
Ontario
Ontario

Ontario



_-._;.

e

Sample
Code

57

58

59

60

61

62

63
401-1A
401-1B
401-1C
401-2
461—3
401-4
401-5
401-6

ST-1

22

22

21

24

27 - 28

28
29
10
23

30

gqncession
3 1 t

XITI
XI

XI

. XY

VII

v

II

IE

II

ffownship County -
Lansdowne Leeds
Lansdowvne .Leeds
Lansdowne Leeds

‘ Lansdowne Leeds
Bastard Leeds
Crosby Scuth Leeds
Burgess {South Leeds

" Elizabethtown Leeds
Elizabethtown Leeds
Elizabethtown Leeds
AN

Elizabethtown ;;;E%
Elizabethtqwn Leeds’
Elizabethtohn Leeds ‘
Elizabethtown Leeds
'Yonge. ) * Leeds
Nepear Carleton

M\

Nepean eton
Nepean Carleton
Nepean

Neﬁean%

Y .
March Carleton
Torbolton Carleton
March Carleton
March Carleton:
Drummond Lanark
Ramsay Lanark.

—— '

o

* 1]

: N2

i/

HQ

Province

' Onta;io

Ontario

Cntario

.Ontario -

" Ontario

Ontario
6ﬁtario
6ntario
Ontario -
Oﬁtari;'
Ontario
Ontario
Ontar%o
Ontario
Ontario

Ontario

Ontario .

Ontario
Ontario
Ontario
Ontario
Ontario ~
"
Ontario
Ontarie

Ontario

Ontarto

o

®.



e

e

¢ Sample
Code Qot~
Cc-3 5
"".
c-4 11
DW-1 29
DW-2 23
. DW-3 25
DW-4 24
DW-7 1
DW-8 21
-9 <21
DW-10 25
DW-12 24
RR2 4
WRR3 21
. HW16 7
CH1 . 85
CH1A 2,
‘ CH2A ‘23
‘CH2B 187
CH3
CH3A
NY-1

13 km east of Alexandria Bay on Highway 26

Concession

VII
VII
v

I

"VII

VII
v
II
VI

VII

XIx

IX

11
III

VIII

=
{

4
Township

Ramsay
Ramsay
Montague
Elmsley South
Elmsley North
Elmsley North
Burgess South
Elmsiey South
Elmsley North
Elmsley North
Elmsley North
Bathurst
Bedford

Oxford

Havelock
Franklin

Huntington

~ Hemmingford

County
Lanark
Lanari
Lanark
Lanark
Lanark

Lanark )

.Lanark

Lanark
Lanark
Lanark
Lanark
Lanark
frontenac

Grenville

Huntington
Huntington
Huntington
Huntington
Huntington

Huntington

-

Jefferson

41

Province

- Ontario

Ontario

" Ontario’

Ontario
Ontario
OntéE—io
Ontario
Onta;io
Ontario
Ontario
Ontariq
Ontario
Ontario

QnEario

Quebec

—
Quebec

Quebec

Quebec

Quebec

Quebec

New York State

FY



Appendix 3

INCLUSIVE GRAPHIC STATISTICSY

Population of sieved samples = 290

Md

Notationl
Median
Me Graphic mean:
SI Inclusive Graphic
Standard Deviation
SKI Inclusive Graphic Skewness
Ké Transformed Kurtosis
1% 1EE percentlile clas¥y size
CT¢ Coarse truncation point
grain size
CT% Population C fraction of
sample
BW¢ Backwash polnt grain size
FT¢ Fine truncation point
graln size
FT% Population B fraction cof
sample
Mud% Insoluble (in HCL) frasdtion
of Pan (> 4¢)
Carb% Total soluble (in HCL)
fractlon of. sam
:"\
A
’

Mean

23.7 %
13.71%

9.687%

Standard
Deviatlon

¢.73¢

0.51¢

0.85%
0.83¢ .

17.0 %

0.42¢
ol34$
19.4 %
13.967%

17.37%
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Appendix 4~ /
MOMENT STATISTISTICS

Sample

. AN
Code Xy my my  my Gt G,
VTﬁigéection Estimates
1o N CH2A 1.774 0.60¢ 0.20¢
CH2B © 3,400 0.62¢ B 0.24¢
CH3 - 2.72¢ 0.540 0.3 6 .
CH3A 1.37¢ 0.63¢ . .0.356
& . -
o :
r ] " .
Total numbe? of samples = 295
Notation
X, = First 'moment (mean) = 2.75 % 0.04¢
m, = Second momeng_jkorting) = 1,05 * 0.03¢ v
*my = Third moment
m, = Fourth moment.
Gi = Moment coefflclent of skewness ( %%3/25=-0,47
G,= Moment coefficlent of kurtosis ( T%)
- . m}
| . ; '
Friedman's Equations (1962)
(siete) ¥i.= 1.0550°(X, from thinsection) - 0.3602
(sieve) m; = 0.7177 (m, from thinsection) + 0. 356
. . . ?\:.‘] \' . "}
j;/x Sy (sleve) G, = 0.3647 (G;"'from.thinsection) + 0.2241
- h Y -
- ! . ¢
C -\
L}
N &,
e &—\ ’ . ) -

61
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Cotte ii
1-a 2.33
1-b K""'"3.27
1-¢ 3.37
1-d 3.07

1-e 2.K<*\h

3-a 2.99
b-a 3.58
6-a ,;} 3.25
7-af 2.70
8-a 2.44
8-c 3.67
8-e 2.28,
8-1 2.12
8-g - g&js
B 92 2.31
Cg9-(2)p 2.73
10-b 3.6
e~

ﬁg-d . 3?&\\‘

(f\;xk -e 3.6ﬁ
t\“:Idfr 3.37
‘fslo-g » 3.5 -

10-1 2.12
10-3(a) 2.27
10-7(b) '1.77

2.29

10~k -

Appendix 14

> M3

1.02 0.79

2.09 0.27

0.74 0.24

1,06 0.36

1127 1.14

0.86 -0.38

0.91 -0.35
.52 o)us’
.07 0.76
.01 1,04
.06  -0.12
.07 _Onal.
.11 0.94

0.7 0.26

0,77

0.67

1.02

0.94

1.06 -

0.42

1.96

3.34 -11.31

0.95  1.23
08 . -4.28

0.47

.mu'
2.8}
6. 24
1.49
2.51

3.78 .

)
2.30
4. 06
3,41

3.75 -

2.29

. 2.88

3.22
1.33
1.77
1.12

1.18.

1.47

1.97

0.48
2.03
69.97
4.89
55.22
0.91

Moment Statistics

1

T
.09
37
.33

41 j)

. 23%
.68
.03
.11
.73
.80
.38
.70
34
.08
.003
.09
.19
.09
.85
.40
2
.92

*
= 1w [o T

.73
b2,
70
.27
.03
.20
T
.76
.95
.68
.04
.50
.60 .
.18
.01
.18

T

.79
.80
.27
.51
.82
.18

62

L]

T . SO S -

-——

AT P



Code

Now E W w
vt e . e -

Appendix 4
X 2
2.35 0.80
2,42 0.86

28 0.42
.68 1.57
.32 1.03
19 0.86
83 - 1.37
.95 1.30
2.91 0.63
'3.07 0.73
2.93 0.63
418 169
3.79 . 1.28
3.32 1.33
3.53 1,17
2.68 1.24
.f3 1.15
2.75 1.03
2.59 0.94
3.18 1.55
1.75 0.69

.28
.33
0.92
508

Moment Statistlcs

m

3
0.57
0.10
0.12

-0.87

0.26;

-0.50

-0.62
0.52
0.26

*0.08
0.02

- -2.66

-0. U4

0.27°

0.18
1.03
0.94
0.76

0.43

0.50 ‘
0.94

1.04

©. 0,30,

©0.50
:;ogﬂg;

= o wY

R.;I\JLAJ-BLA)-E'I\JLDLA)J:NUJLA)

My

ny

N

HoH W ow

e

.83
.15
.60
.81
.17
.52
A2
. 64
.00
.05
.00
.32 .
.09
.25
.56
L1h
.63
.32
.07
.31
.14
.34
.08 .
3

.18
/-

Gy

0.79
0.12

0.45

-0.45 .
0.25 .

-0.63
-0.39
0.35
0.52
0.13
0.04

1,20

-0.31

0.18
0.14
.74

0.7%

0.47
0.26

1.62 .
0.72,

0.20

- 0.57

'C.%ﬁ

.76

4.38

N How

.96
.35
.96
.ol
LOT
.82 .
.16
.56
.97

2.49

.90
.85
.87
.68
74
.14
.33
.79

6.49

R S I T L

.66
.Th
.62
.8?

.90

1 e il




Code
18-4d
18—¢
19-a

19-b

19=¢ °

19-d4
19-e
19-f
19-g
19-h
_20—a
20-b

-20-0

2l-c

T e mpmppemegaae e e e aoa L

AR

ppendix 4
"X ‘m,
3,42 0.56
2.78 1.23
2.82 1.17
2.56 0,95
2.21 1.10
3.80 0.56
~2.17 5.39
2.70 1.19
2.43 0.96
2.89 1.10
1.91 0.45
2.73 1.34
2.28 0.80
143 o.64
1.43 “0.64
220 "1.00
1.60 0.56
2.88 ' 5.34
2,15 0.85.
2.37 0.99
2.68 1.02
2,53 " 0.76
2.52 .70
LIPS
ERTEEE 13
.35 1.1i
-
8 § 

Moment Statistics

.—Oo

$

o R e e e e N R = = R = N S e A

. Q.

~0.26 - . 1.03
~ 0.15. 2.67
1.03 3.%3
0.99  3.61
1.26  5.73
~0.51  1.14
22.54 137.52.
1.30 k.24
1.09 3.96
0.88 3.36
0.37 1.46
©1.03 4,48
1.03  3.49
0.71 : 2.29
0.71  2.29
1.30 4,142
0.63  2.47
39.2& 225.98
©1.28 5.33
1.19 k.52
0.67 3.39
0.06  1.37

0.23  1.53 .
0.88 ° 4.02"
0.92 . 4,07

o

r~

-1.

0.
0.
1.
1.

l.

'.-J

=

0.

G

70

76

721

2.50
5.42

5,58

5.58
b,y
7.81
7.93
7.39
4.59 -
3.25
2.36 .

- .3.08
2.97

3'”1'




Appendix 4 Moment St;tistics !
Code K-l r“n2 ma | m, '_Gl G,
.20 ©1.09  4.52  0.84  3.17
.29 -0.47 7T.44  -0.14 1.42
01 0.0% 4,92 0.01 4, 85
A7 o.is 0.87  0.60 '3.97
.69  0.35  1.41  0.62 2.99
.75 0.16 2,07  o0.24  3.66
(06 1.18  3.98 . 1.07 3.5
79 0.96  3.15 . 1.37.  5.07
25 0.68  3.78 o046 .40
.39 1.18  5.01  0.73  2.61
T4 1.12 3.200 1.74 5.93
-T6 -1.48  6.55 2,25 11.47":
.51 1.30  6.28  0.70 2.76
.28 0.63  3.90  0.43 2.37
.73 0.78 2.32 1.26 4.4
60 0.62 1.83  1.3%  s5.17
3 .37 -0.06 3.66  -0.04 1,96y
3 .99 0.36  7.60 0.13  1.93.
2 1.31 0.80 4.o7 0l53’ 2.38
334 201 122 106 5.83 . 1.08 389
34-a 585 0.19  -0.24 0,45 -2.98 12.73
35-4 2.15 0.80  0.39° 2.10  0.55 3.28
'354a(g) 1.20 i 253 -0.89  21.99 -0.22  3.43
35-03) 2.20 050 0.08  1.04 . 0.2 h.21 -
36-a" ~ 2,64 . 0.95 - 0.78  "2.90 | 0.85 3.24
_ e R RS :




.
48-b
" 48-c

48-d
48 e
48-f

47-e

1
2

1

, 7

%.ouf '

Appendix 4
fi m,
1.97 0.51
2.02 0.68
1.85 0.75
1.35 0.73
1.34 0.38
1.31 0.66
142 0,66
2,40 0.72
3.74 1.88
2.6  "2.36
72 330
.64 0.98
2.69 0.89
3.71 1.83
2.39 - 0.74
2.40 | 9.87
2.48 0.80
241 0.46
.98 0.62
2239 - 0.61
2.29 " 0.79
2.87 S1.34
2.66 “ 104

2.90
_2:97 - L.00

Ty

o 1.46-
2,67

4.19
3.56
.37

' 3.13

.63

1
3
3.10
2
5.56

19.17

59.47
.33
77
.0l
-39

N Bow

- 2.81°
a.47

0.91

2.42
226
2.91
R

3.22
2.96
2.78

Gy
1.44
1.56
1.90
1.10
1.63

0.38

0.77
$
1.35

-0. 44

~0.25 §

-1.47
0.99
0.37.-

I
'__0. 32

6
.03
.05
43
.57
.25
.31°

o | o7

O P

0.71.

G

W H W -~ -1 W o\ ~1 W u

ok

66
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=

no w
N =
o e
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.36
-32
.12
.67
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72
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S e et
67
Appendix y Moment Statistics
Cod‘e' .‘351 l' m, mg _‘ my Gl ;}2'
48-g 2.6 0.90- 0.89  2.82  1.00  3.48
48 2.78 0.93 0.5 2.45  0.65° 2.8
48-1 | 2.90 1,18 0.89 3.50 o0.70 " 2.52
“8-3 "2.87  Tl.01  0.78. 2.97 .0.78  2.93
48-k 2.93 1.13 - 0.80 3.4 0.67"' 2. 68;
48-1  2.23 . 0.86  1.19 3.%}\\ 1.49  5.02
50- 2,79 0.76 ,-0.16 1.9 -0.24 3.4k -
50-b 2.51 '1.05 . 0.69 3;50 6,61  3.00
50-c 2.96 1.09  0.60 3.1 0.52 éﬂsa'
51-a 2.2h 0.87 1.1 359 . 12 b7
5140 2,33 Lk o1 3.0
{ 52-a 194 3.31 ° 0.97  2.85
52-b 3.4 0.60  -p.A7  2.49."
52-0 - 2.23 ‘2.53-,_ 0.88. 301
52-d _{2.11 1.37 ~ 0.32  -2.48"
52-e . 2.50 1.63 6.74 2.87
53-a’ 3.08 5.50° 0.20° 1.78
53-b .- 3.03 - 8.14 0.0 - 1.:52
5§1c 3. 44 3.66 '-0.01" 162
Cshea 3.b 3so~J 0.17g 1.73.
J54-b L 3.40 ' 1:95,. 0.50 * 2.26
S4-c” 13", "2.16  0.39  2.62°
S4-d . 3.15 : 0.9 -0.08 3.6
ss-a - 3.070: 0,85 o1 C 14 0.1y 1,74
550 310 1230 0.M6 3.38 0 0.3 2.28
~ . N - L
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i
Q

. ) - 57-¢

6l~g -

61-h

vY61-1

61-J

-Apﬁéﬁﬁix L
ii&F My o
5.87. 0.13
2,47 1.51
3.25 1.20
3.11 1.28
2.60 1.09
2.96 1.00
2;57 0.96
3.08 - 1.03
2.65 1.00
2.62 0.95
2.65 1.21
2.92 0.61 -
2.33 L.76
1.69 3.37
\,;H2¢oé_ 0.58
3.51 1.00
2.30- 0.67
B.48  1.31
.85  1.38
2.68 1.12
2.27 0.76
| 2.37 . 0.76
2.22 ° 0.69
2.84 1.60
3.17 1.11

-

quent'Statistics,

Gy

68 .

a

p.

G, .

S .
0.19 —2.767 10.79

_m3 = mu
-0.14
. 1.86  6.52
L+ .20.11 3,45
0.94  3.51
0.22 " 2.32
0.85  2.77
0.79  3.01
1 0.80 2.71
0.29  2.04
0.41 1.96
0.86 .3.7h
0.21  0.98
-1.51 " 17.69
~4.24 31,
0.60 2,14
0.24  1.90
0.46  1.78
1.99 6.06
1.24 ¥, 60
T 1.38 .27
, 1.03— 3.08
0.7 276
0.89  2.80
1.60° 5.
0.34 - 2.86

83"

1.01°
—0508
0.65

- 0.19

0.85
0.84

0.77

0.29°
0.44

0.65
0.23

0,65
2. 69
1.

'0.23

' o.Zu
1.83

0.76
1.16

2

W

Now s H oy D

[ASREEERY ) B R I VS |

2
1.
2

.86 -
2.

41
.13
94

.25
.58
.02

18

.57
.64
.72
.81
.HQ,
.89
.03

A5

.38

36

77
.85
.25
.32

-76 ‘
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Appendix 4

‘.

Code fi m2'
61-k  ..3.20 - 1.17
61-1 2 oss
61-m 5.89 0.98
61-n . 2.81 1.18
610 2.1 0.95
61-p 2.24 0.52
- 61-q 2.12 0.71.
' 61-1- 2.24 0.70
 fl-s ”33:99 0.46
- 61t 344 1,1
61-u _ 2.5k 0.86
o 61-v  2.49 . 0.99
I 61-w  2.88 1.26
.6}—x '; . 2.65 0.85
( 61-y. 2.4 . 0.8
hfi.‘//SLQZ"*ﬂ) 2.69 1.01 .
. 6l-aa ' 2.38 .79
.61—bb.. 2.41 0.71
. 6lcc  2:53 [ 0.7
61-ad  2.17 0.56.
ZLV/,Gl—ée - 2.25 0.57
61-rr.  2.57  0.95
: 6l-gg . 2.50 1.13
- \\L-__’////) 61-nh 280 0.95
i - 61-11 2.6 0.82

1
d.15
0

r

Moment Statistics

m

3
0.28

0.95

0.85

Al

.13

.11 -

.72

0.80

0.64

0.39°
'0.98
0.98

0.93
0.78
0.75

0.84
0.92"
0.70°

0.81
0.66
0.79

0.96
1.23

0.87
0.82

/Ty

3.11
3.03

3.10
3.96
3.73

0.82 °

~ 2.50

2.64
1.97
2.51
3.12
3.55
3.91

2.71

2.77

3.15

é;86
2.46

260

2.05

C2.40

3.15

417

2.88
2.66

69

hﬁl | G2
0.22 2.26
1.21 h.16
.88 3.24
0.88 2.83
1.19 4,10
0.32 3.05
1.18  4.97
1.36 . 5:36
1.85  8.09
0.32  -1.93
1.22 4.19
0.99 5.60
0.68 2. 46
1.00 3:78'
0.97  3.91 |
0.83  3.08
1.32 159
1.15 4,82
1.19 4,41
1.55  6.47
1.80 7.27
1.04 49
0.94 - 3.17°
1.10 3.94

— o ———_
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Appendix 4

X My
2. 46 0.72
2.88 0.89
3.51 1.21
2.97 1.03
3.77 1.24
3.26 1.57
4.00 1.35
2.58  0.71
-\\3.29 0.42
.70 0.58
2.91  1.14
2.74 0.57
2.12 0.48
2.62 . 1.30
2.52 0.61
2.77 0.98
3.66 0.86
‘2.01 0.6
q.23 0.88
3.70 0.88
2.57 1.52
2.75 0.81
2.82 1.57
2.89 0.91

—————

Moment Statistics

.01 &

71 .

b6 -

m3 mu
0.69  2.34
0.71 2.
'0.15  2.60
0:73  -3.14
~0.21 2.4y
0.70  5.99°
~0.96  3.36
0;50' '1.25
0.52  1.54
0.54 2
1.06  3.42
0.32  1.23
0.30  1.24
1.38 ' 7.60
0.49  1.77
0.07 2.1k
.0.002  1.49
0.62  2.31
~0.64  1.80
-0.05. . 1.65
.21 +.35.63
0.11 1.
1.31  5.44
6=002'Lﬁ1.62-

<

G

1
1.

12

.85
.11
.69

~0.

15

0.35

-

~-0.

0
1.
1

'
0.

0.

0'

Q.

1.

62

.83 -

94

.22

87
T4
90
53
03

.07
.002
.24
LT7
.06
.65
.15
.67

.003

70

h ye
3.90
1.78°
2.96
1.58
1.62 »
1.86
3.87
8.90
6.04
2163
3.80
5. 34
2.11
4,75

2.21

2,04
5.85
2,31
2.11
2.4y
2.2
2.22
2.06



Cogle

Lol

1B-f

1B-g.

1C~-a
1C-b
1¢-c

2-a

0 3#b. " ’

. 3-d
LII—C

NN W W

NN N W N, W

3.19

Hooow 0w oW

n

[\S]

o D W W

Appendix ‘4

X

.12
.87

. 84

.49
.83

.88
.65

.20

.90
L4y

.89

.80

.13

.31
.93

.32,

35

-T7.

.09
.69

.76

73 -

o P e

H o K +H"o

My

o

H o

(=]

07
108
.00
.82
.57
.91
.75
.68
.82
.83
.55
.01
.68

T4

.29

.72
.71
<39

.11

.93

23

1.88
0.92
1.’53".
1.
1
1

Moment Statistics

0.
" 0.
0.
1.
.0.
0.
0.
-0.
0.
~0.
" 0.
0.
-0.

0.

0

0

-0.
1.
0.
0.
-0,
0.
0.
1.

mé

79
o7

55
06
80

39

03~
05,
10

48

10

11

33

16
.89’
1
17

10
63
51
61
50
15

16

m.u.

5.51
1.74

3.96
3.5
. 3,28

-

2.3k
1.55
454
1.70
4,37
1.05

1.52

5.19
2.27

3-31 '

5.70

1.08
4,03

1.93
2.16

3.55

3.06

-

1.97
¥.19

1

<31,
.08
.29
.95
.72
-39
.04
.02

.12,
L21//ﬁ

L

"%

-

-

.18
.14
.13
.39
.88
.06
.26
.75
.01
.85
.37
U3
.16
.85

L4

NN H oW

-

2% B S ] [ o o [

.57
LOT7:
.68
.08
183
T

2.30

R ISR VR

HToow . =N

N

. 84
.04
43
.27
.26
:55
Jh9
.25
.02
.95 .
W43
.69
.30
.83
.50
.26
.78

s b A btk S



Code

o1

A8 w w), W [E4) n (W8]

P, e T SO T
fall 5 ra " .

Appendix y
X M2
.32 1.46
.66 0.63
. Ug 1.33
.12 1.57
8 1.28
.19 0.99
.96 0.97
1.54 0.70
2.62 0,73
2.90  '1.38
3.96 1.60
2,40 1.29
3.35  1.66
3.22 | 1.56
~
.69 & 1.07
2.56 0.97.
3.03 1.80
2.43 1.45
.51 0.98
2.80 0.91
2.68 0.68
3.07 0.52

0.

o

o

o ¢

—

Moment Statistics

3

’ v

60

.24
.07
.62
.36
.13
.25,

.14

.31
.07
.24
.97
L4
.17

57
.51
.78

.25
41

.00k

.00k
.19

B S I T — I S I

= W O H W

H OH D

N LS 2R | N n

My

.57

.20

.60
(

.24
.65

.65
.5
.08
.48
.25
.83
.51

.95
.57
.70
.12
.36
.15
.10

.20

12

6

72
G 2
% R
.0.34 1.68
047 2.79
0.04 ‘1.80
0.32  '1.82
~0.25  \1.59
0.13  2.26
_ 0;26 2.82
1@9%J - T.46
0.51 . 2.72
0.04 . 2.15
-0.61  1.75
0.66 2.5
-0.19  1.75
0.09  1.85
-0.52  2.59
0.53  2.70
0,32 1.76
Q.72 2.45
0.42 2,45
0.004  2.61
0701 2.38
0.51 4,51



- R L e I

Code X m,
S ,
b-a 3.05 0.61
4-b 2.70  0.68
DW | '
1-a 12,70 0465
2-a - 1.83 6??2
3-a 1.95 0.68
Y-a 3.31 1.7
" h-p 3.31 £.70
b-c 3.85 0.98
4-q4 4.60 Q.46 °
7-a 241 - 0.61
8-b ©  U4.87  0.16
8-e 4,40 1.32
8-h 2.67 1.54
9-a 1.85 1.94
9-b 2.60 "0.57
9~c 2.34 .0'56
9-d 2.46° o?pr
10-a  2.70 0.89
12-a  2.50  0.86
NY-1 3.54 1.50

Thinsection Estimate

CH1 1.89  1.20°

CHI1A 1.77 0.47

<

m

w

ST L R EEC PR

w

» /f//J
g Appendix 4 Moment

Stati}tics
My 1
1.56  0.53
1.66 0.62
1.45  0.32
4. 25 1.72
3.59  1.95
4.5 d.;é
8.47  -3.57
'1.80 -0.28
0.75 -1.36.
. 1.35  0.72
0.31 -3.63
7098 173
5.70 0.71
16.41 ro.él
1.11 - 0.10
1.27 1.01
2.65 1.09
‘2.67 -0.02
1.75‘ 0.58
3.80 0.05
"1.40
0.21

47
.35
.83
.50
.08
.08
.52

3.69

12,

g

%] = =W £ no

71

.53
.39
.29
41
.11

45
.58
.38
.68



Appéndig 5

Insoluble Mud Size Distribution .

vCoée‘ vFormatiqn. Member Me : SI' Sg “'H KL
8-c”  Potsdam Keeseville 5.87 d.78  0.06 , 0.36
10-e .Theresa X ~ . 7 4,80 -0.71 0.58 ) 0.52
11-c  Theresa . 5.19 . 0.92  0.45 0.56
1ll-e Bridge‘Heuvelpog 5.04 0.97. 0.&1‘ - 0.48
56-d@ Buck Brildge March | 4,88  0.90 0.48 0.61
57-c Buck Bridge March 5.24 - 0.83 0.04 0.40
61-nn Buck Bridge Heuvelton 5.M5l 1.14 0.26 0 45"
vo1 . | '
l-g  Theresa U 5.700 1.07 0.0k 0.40
401
" b-g Thefesa _ ' | 5{34 0.88 .‘b.QS . 0.60
) _ |
1-a  Buck Bridge March 5;“0.3__ 0.82 0.12 0.54
Overall Value . Me=5.25 3+ 0.11 0
| sI_'-;o.goL £ 0.04 @
Sg=0.25 .+ 0.06
K,=0.50 & 0.03
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ESTIMATED PALEOWAVE AND CURRENT CONDITIONS UNDER WHICH RIPPLES

Appendix 6

FORMED

A= ripple length (cm)

- RI = ripple index

RSI = ripple symmetry index

sheay” veloclty

ést\mated wave

estimated

estimated

estimated

estimated wave

period.(sec), -
- estimated wave helght (cm)

‘length (cm)

water depth ‘(em) ~

— . ) . - L]
.

required to inltiate formation of ripple (cm/sec).

-

Wave parameters

bed shear:é;;;;; on ripple(cm/sec)., .

mean current veloclty (cm/sec),

Current ]

parameters

Refer to text, chapter 5 for explanation) of methods -

‘used to obtaln parameters.

Number of samples = 200

mean

mean

mean

mean

mean

mean

A=3,10 * 0.12 cm

U = 9.07 * 0.11 em/sec

T

H

t

1.36 * 0.07 sec

4

6.93 0.29 cnm
250.39 * 13.49 cnm

48,89 1,97 cm

-’

mean Uy = 1,31 * 0.10 cm/sec

mean U = 27.40% 2.22 cm/seé



c—

S S

Sample

Code

8-b

B-c

8-d¢ -

8-d (2)

© 8-f

8-g

9(2)b

10-a

10-b

10-d

Appendix 6

)
(-

i

ESTIMATED PALEOWAVE AND CURRENT COND;FIONS

A

3.0°

4.0

1.0
2.4
4.5
2.0

3.5

—

¥
1.5
3.1
1.0
1.5
4.0

2.0

3.2

2.0

3.0

7.0
1.3
4,2
2.6

4.0

9.76

9,31
5.83
7.25
8.49
8.84

10.18

7.0

8.32

9.87

.7.68
8.50
10.86

8.26

. 9.29

8.29

9.17

'9.26
"9.96

7.95
10.65

7.21

8.03

Wave

T .

1,21
1.60
0.67

1.30

2.05

0.88
1.90
0.53
0.72
1.23
0.51

“0.69
1.45
0.95
1.35
0.95

1.28

1.02

2.27

0.64
1.56
1.42

1.96

5.4
12.0
4.5
4.4

8.9

4.5
5.0
7.5
5.6
6.8

5.6

6.6
6.0 :

10.2.

4.8

200 <«
362
69
237
561
113
246
42

75

. 208

39 :
71

276
130
249
129
227
146
618
61

313
279

505

63
21
54

102

27

49

13

20

43

12

19

a1
S

-51~

31

48

33
97

i7

58

61

96

ST Curprent

RSI RI \u,

1.0 10 . 0.1
2.3 13 1.3

2.3 10 1.3

" 1.8 3 1.8

1.0 il 0.1
3.0 10 2.1

4.0 10 2.9
¢

1.0 10 <0.1

1.0 . 8 <0.1

1.0 10 <0.1 -

4.0 10 2.4
o Y15 23
1.0 8 <-0.1
1.0 10 <0.1
1.0 16 <0.1
4.0 10 2.7
1.4 10 0.6
1.0 8 <0.1
2.5 4 3.4
6.5 - 4 5.0
1.0\ 14 0.1

12,0 | 13 5.3

1.0 13 0.1

76

Ni]

1.3
28.6
28.8
33.7

1.4
43,1
61.4"

0.1

0.3

0.3
48.7
49.6
-0.47

0.8

0.7 -
57.7
13.3

9.4
62.4
107.4

3.1 .,
120.6

1'8 L

e s T WAL
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- - . v
Sample- | Wave ' Current ”
Codg oo, T * H L h  RSI BRI u, U
10-1¢1) 4.5 11.46 1.54 8.0 356 1.0 15 <=0.1 -0.8
10-§(2) 1.4 ~9.67 0.4 4.9 17 1.8 7 1.1 20.7
10-1° 1.8 8.53‘: 0.83 5.4 25 1.7 9 0.9 19.1
- 3.2 B.54. 1,28 7.4 2 1.1 11 01 2.1
10-m 35 9.73 1,41 7.1 54 . 2,5 12 1.8 38.3
- 1.0 5.23 0.75 4.5 27 1.0 5 0.1 2.0

4,2 7.49 2,20 7.8 118 1.0 9 d.r 2.2
3-a 1.7 7.54  0.89 5.3 114 29 2.4 6 1.8 36,9
2.8 8.54 129 6.4 230 50 4.8 9 3.5 74.5
- 4.8 9.77 1.93 8.3 477 85 1.0 10, <0.1 0.9
12-a 3.2 8.99  1.40 6,8 266 | 54 3.5 .8 2.9 59,9
-2 4,2  8.53 1.9 7.8 489 Lol 1.0 7 0.1 1.7
16-c 3.0 7.85 :1,50 6.6 310 _\Iss 3.0 8. 2.4 51.8
6.0 9,33 2.53 9.3 788 131 1.6 8
17-a 2.2 8.65 1.00 5.8 14 33 2.8 11
17-h 6.0 11.09 2.12 9.3 547 92 2.0 8
6.5 11.26 2.27 9.8 624 100 1.0 8 <-0.1 -0.1
18-c 0.9  6.26 0.57 4.4 48 16 ;;o' 9 0.1 L.l
3.6 9.65 1.46 )3.2 277 50 1.6 36 0.5 12.8
4.5 10.20 1.73° 8.0 389 71 15 10 0.8 17.1
19-g 2.0 8.86 0.89 6.3 109 24 "=~1.0 10 -0.1 -1.8
2.4 9.28 1,02 5.6 113 27 1.0 12 <0.1 0.6
3.5 1019 135 7.1 265 49 6.0 9 4.4 90.2
19-h 2.5 8.5 .1.14 6.1 183 41 1.4 13 0.6 12.2
5.0 10.20 1.92 8.5 470 82 1.5 17 0.7 - 15.4



Sample
Code
éO;a
20-b
20—c,
2l-e
22-a -

23-a

23-c *

¢ 24-a

24-b
24-c
25-a

27-a

27-b

28-b
* 30-a
31-a

31-a

31-b

31-c(1),

o

3.0

5.0
2.4
4.0

3.0
5.0
1.2

6.5

© 3.8

1.4

© 2.0

3.0

4,0

3.3

5.0

3.0

5.0
8.0

" 1.3

2.0
2.4
1.0
2.4

8.2

-10.68
10.49
9.51
12.13

9.74

11.30

7.65

11.68
10,77
©8.39
9.30
9.66

10.52

10. 24 -

11.36

19.15 -

8.41

10.33
12.93

7.43
8.27

8.656

7.18

8.93

12,77

vH

1.10

1.87

0.99

1.29

1.21

1.74

*1.78

1.29

1.03

1.90
2.43

0.69

'0.95

1.09
0.55
1.06

2,52

11.2

Wave

6.8
8.4

6.0

7.5

5.6
8.5
4.7

9.8

7.4

4.9

5.6

ok

7.5

8.5

6.6
5.8
8.5
1iL1
4.8
5.6

6.0

4.5

6.5

~

L h
166 34
45 78
138 31
21 42
‘:201 42
. 383 67
’

57 16
580 93
255 49

64 18
102 25.
204 43
204 56
217 44
380 66
228 48
150 35
459 80
688 103

70 20
129 31
167 38

45 14

X —
154 33
739 110

2.0

4.0 -

1.4
1.0

9.0

2.4

3.0
1.0
1.0
6.0
1.9
2.0
1.0
2.3
1.0

6.0

2.1.

1.0
1.1

T 3.3

1.0
1.4
2.3
1.0

1.7

13
13

14

10

10

10

17 .

10
15
11
13
11

13

10

12
10

12

16,

78
~ Currknt
U, U
0.7
5 3.1
0.5
-0.1
4,6
1.6
1.8
<-0.1
<-0.1
3.2 68.0
1.1 23.i
1?1'3 27.9
<0.1 0.1
1.4 30.7 .
] .
<-0.1  ~0.1
L35 78,7
1.3 28.1
0.1 0.3
0.1 2.4
1.9  48.4
<0.1 0.8
0.6 12.2
1.3 27.3
<-0.1 ' -0,5
1.2




T2

- ' _:l.‘ 0 T et
. . 79 ‘
Sample Wave ) \\‘ .-,Curren:‘:
Code A u, T H L ~h RSI RI w, -0
32-b° 1.2 7.41 0.64 4.7 60 18 31,0 . 6 <0.1. 0.9
1.5 7.83 0.75 - 50 83 23 2.0 ‘;io 1.2 24,7
3.6 9.75 1.45 7.2 282 56 1.0 12 <0.1. 0.6
, 32-¢ 2.5 9.79 1.12.+ 61 175 39 2.1 8 . 1.5 30.9
33-b 2.7 7.72 1,37 6.1 175 39 © 2.9 14 1.9 410
33-c 3.6 940 150 . 7.2 303 60 1.4 13 0.6 13.0 |
, 4.0 9.65 1.62 7.5 350 67 3.0 8 2.6 543
62 9.71- 1.66 7.8 373 69 L8 21 0.9 21.4
334 14.0 15.19 3.62  15.3 1363 ° 171 3.3 11 3.4 70.7.
S-a 1.2 4.34 1.0 6.5 162 35 2.0 12 0.9 21.9 )
1.8(:;,81 1067 0 6.5 299 64 2.6 18 1.4 32?5
3.0 5.46 2,16 6.6 639 134 1.0 30 0.1 2.2
35-a 4.4 11.23 1,54 7.9 308 57 1.2 22 0.2 5.5
4.511.30 1.56 8.0 317 58 1.3 23 0.5 -11.4
36-a 4.0 11,20 1,40 7.5- 260 49 7.5 13 4.6 96.9
36-c 9.0 13.72 ~2.581f 1.7 759 110  1.2° 18 0.2 - - 5¢3 .
42-a 2.4 9.31 1.01 6.0 14 33 1.0 10 <0.1 0.5
2.5 9.40 1,067 6.1 153 34 1.5 5- 0.9 17.%
3.0 9.84 1.20 6.6 197 41 _ 1.0 10 <0.1 0.2
3.1 9.93 1.23 6.7 206 43 2.0 8 1.5 29.5
- 43-b 1.0 6.24 0.63 4,5 60 19 4.0 10 2.4  5L.4
4.0 "8.83 1.78 7.5 418 79 1.0 13 0.1 1.37
45-c 2.0 8.27 0.85 5.6 103 25 1.2 13 0.3, 5.7
45-e 2.0 8.31 0.94 5.6 128 31 3.0 10 .2.1  43.9
3.5 9.5 1.44 7.1 278 55 1.3 12 0.5 _' 10.0



u
» L

9.53.

9.53
9.98

9.98

9.99

110.26¢
'10.15
9.66
11.86
7.61
10.30
10.02
8.58
7.02

10.71
9.31
8.01
9.36
9.84

8.59

9,27

8.74

8.53

9.48 -

8.00

Sample \
Code -
u7-a > 3.0
3.0
47-b 3.4
3.5
47-c 3.5
e
3.9
47-4 3.1
41-e 9.2
5.0
48-b 1.1
3.7
48~ 4.5
48-d 2.0
48-f 1.2
6.5
48-h 3.0
514af ¥.2
52-¢ 2.3
52-d 4.0
53~-a 1”& ‘
1.5
54-a 3.5
57-d 2.5
3.8
58-a. 1.5
2.0

‘Wave

1.24
1.24
1.34
1.37
1.38
1.49
1.27
0.89
1.66
0,57
1.41
1.76
0.92
0.67
2.38
1.27
0.59
0.97

1.60

. 0.50

0.63
1.57
1.15
1.57.
0.73

0.91

H L
6.6 210
6.6 210
7.1 241
7.1 252
7.1 255
e
7.5 294
6.7 219
5.8 114
8.5 348
4.6 48
7.3 265
8.0, 402
4.7 52
4.7 67
9.8 689
6.6 220
4.7 52
oo o
7.5 337
4,6 38
5.0 59
7.1 333
6.1 185
7.4 329
5.0 . 80
5.6 119

44
4h |
48

50

- 51

56

45

26

61

14
52
73
15
19°

111

46

15
30
64
11.
16
66
41
63

22

29

RSI

3.2

1.1

1.9
1.7

1.5

. 2.9

2.1
2.2

4.0

2.6

1,9

2.0
1.0
5.0
2.3
2.0
1.0

9.0

1.0 -
1.2
4.0
2.1

1.1

1.6
2.7

5.6

80
" Current:

RI Uy U

10 2.4 50.7

15 0.2 3.5

5 ‘1.6 31.3
6 1.2 24,4
18 0.6 141
'8 2.5 50.9
g 1.6 3L.9
11° 1.4 285
17 2.7 59.9
11 1.5 3.4
13 1.2 24.9.
£ 1.9 35.5

10  <0.1 1.0

6 3.5 68.8
1§Jr 1.7 38,5
10 1.3' 28.1
_12- <=0.1 TQ'l
12 4.7 98,4

10 <0.1 0.7

11 0.2 3.7

8 2.8 54.8
7 1.7 35.3
8 0.2/,'4.4

10 0.9  19.5
9 1.8 37.6

10 3.6 74.7

AT
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Sample
. .. Chde AoouT
59-a 2.0 7.92
3.0 8.77
o 60-c 2.0 9.45.
' 5.0 11,88
b ]
6l-a 5.0 8.29
, % 6l-g 3.5 10,30
2.3 9.28
61-h. 3.5 10.56
3.3 10.41
61-1 1.8 7.71
1.0 6.66
61-3 3.4 8.75
1.2 6.74
61-1' 5.0 10.88
2.0 8.65
61-n 3.0 8.95
. 1.7 7.76
6l-n 3.0 9.04
61-q 2.0 9.29
62.1-9.29
6.0 12.23
g 61-bb - 5.3 11.39
401-1a-al.4 7.48
o 3.3 9.28
> ‘ onrsﬁc 1.2 7.24
.. " 2.5.8.70

T
0.99
1,34

0.83

.1.65.
2.11
1.33

0.97°

1.30

1.25

0.92
0.59
1.53
0.70
1.80
0.91
1.32

0.86

11.30

0.85
0.85
1.93
1.83

0.73

1.40

G.65.

1,13

Wave
H L
5.6 141
6.6 248
.
5.6. 99
8.5 347
‘8.5 567
7.1 240
5.5 Naas
7.1 223"
7.0 210
5.4. 122
4,6 52
7.1 ‘3b%‘,
4.7 73
;1{£;) 414
5.6 118
6.6(%5538
5.3 108
6.6 233
5.6 103
5.7 110
9.3 459
8.8 420
4.9 80
7.0 264
&7 63
6.1 198

2

[
h - RSI
34 1.5
52 L7
ygﬁ 1.5
61 5.3
55 1.5
48 4,7
31y 2.3
46 1.0
42 1.2
30 1.0
15 2.3
53 2.4

w““‘\\\\

1 ‘%lLQ/f”:*ﬁ\h_ 56 112.7

72 1.0
29 "\ 5.6
50 5.
~ L
27 3.2
49 5.0
25 5.6
26 Ve 5.0
76 | 1.0
72 12.0
’ 22: 1.0
53 1.0
18 1.0
40° 1.0

81
- S
CurreEF L—
\;RI Uyg U
{;‘\\\Lp.7- 15.0
15~ 0.9 <19.7-
7 0.7 12.9
7 4.8  95.0°
12 0.8 17.5
18 2.9, 64.5
8 1.7  34.0
11 0.0 0.0
12 0.3 6.0
6 0.1 1.1
5 1.6 30.8 ‘
9. 1.7 36.3

:I“.

U6

6

10
11
10

11

17

18

‘<-0.1 -0.3
L3 sso0 g\
4.3  86.0
2.3 47.4
4.1 82.5
3.6 73.6
3.2 67.0
0.1 -1.1
6.7 139.9
<041 0.9
<0.1 0.6 .

—~
<0.1 0.6 .
<0.1 1.0

C



L e L P

401-c-a
/- &Ol— 2-a
401-3-a
. .401-3—c

401+3-d

401-4-f

401-5-a

401-6-b

401-6-d
401-6-¢e
401-6-8

401-6-f
401-6-1

401-6-n

401-6-0

8. 54
7.01
3.0 9.61
7.0 11,15
5.0 9.91

[

2.7 8.22

4.5 9.33

4.3

2,0 Y.73
2.5 9.89

5.0 8.44

* 8.0 11.76

-

3.0 8.78

4.3 9.61

1.8 6.52
2.2 6.86
2.0 6.93
2.2 7.10

2.3 7.17
4.8 8.63

22

23

49

43

- 87

50

85
.82

" 25

28
35

3.

120
K

125 .

52
74
43

53

2

42

51

S—
vave
T H L
0.63 4.6 50
0.72 4.8 77
0.72 4.7 78
1.25 6.1 220
1.15 6.1 185
1.40, 6.1 275°
\ii?3 “,E;E//506
2.46 10,2 7277 114
1.98 8.5 439
1.29 6.4 231
1.89  '8.0- 46@
1.85 7.9 443
0.79 5.0 92
0.87 5.3 4109
1;35\\\5.7 147
0.99 © 6.1 138
2.32 8.5 686
2.67 11.1 833
134 6.6 247 .
176 7.9° 402
1.08 54 170
1.26 5.8 226
1.13 5.6 185
1.22 6.7 202
1.30 5.9 224
2.19 8.3 612

p

109

3

BSI
4.0
3.3
1.0
1.0

1.0

1,0 .~

1.0

1.1

1.5

1.0

1.0

1.0
1.0
1.0
1.5
1.1
1.5

4.7

1.0

1.0

1.5

13.0 .-

o =
)

1.4

oo L

co

13

10

‘15

43

22

10

12

12

A

82 -
Current
‘uy O
2.9 57.7
/// '
2.9 54.8
0.1 1.6
0.1 1.6
. '
0.1 30
0.2 3.6 .
<0.1 0.4
0.2 4.3
1.0 19.6
0.1 1.4 .
/
0,1, 1.2
<0.1 1.1
0.1 1.4
<0.1 1.0

B2 3.3 .
1.0 20,9
4.7 95.9

<0.1 1.

<0.1  0.6%
0.7 15.9
4,5 109.9
0.1 1.7
4.3 88,5 &
2.4 53.3
0.7

14.9



Sample
“Code’

c-3 -a

C-4-a
C-4-b
DW-3-a
DW-2-a

DW-9-d

0-2-a

»

0-2-¢

O—l»—a‘i
62-b
62-c

.62-d

: { u
1.6 8,20
2.0 8.20
3.0 8.86
3.2 9.07
2.0 7.89
2,9 8.65

1.8 8.18

2.0 8.39:

3.5 9.89
3.5 11.20
7.0 11.67

1.2 6.57

T 2.4 7.81

. 2.5 7.90

2.7 8.67
2.9 'E.ga
2.0 8.24
1.5 11.23
2.8 13.13
‘1.4 6.91
7.74
8.70

2.5 9.89

0.96
0.96
1.36
1.29
1.00
1:32
0.86
0.93

1.39

1.23

2.36

0.71

I.20

1,24

1.21
1,26
0.95
0.52
0.84

0.80

1.12

0.68

0.99

Wave

5.6
5.6
6.6
6.8
5.6
6.5
5.4
5.6
7.1

7.1

-10,2

4.7.

6.1

6.7,
6.4

6.5

5.6
5.0
6.4
4,9
5.8
5.0

6.1

132

132

252

275

143

239

108

125

260

203

664

77
204

211

203

219
130

41

97 .

94

177
68

138

32
32
53
56
34
51
27
30
52 -
40

7 104

22

45 .

44
b4
47

L3

11

-

26
41
18

31

%

RSI

1.0

1.0

1.0
1.8
1.5
2.0
3.0

3.0

1.0

1.9

1.3

1.0
1.0

1.0

1.0

16.4

2.3

2.0

1.8
1.8
1.2
6.5

1.1

10

11

10

15

15

10

15 -

14

11

15

13

Fo

1.4 -

Current
uy 0
<0.1 0.9

- <0.1 0.9-
0.1 1.2
0.2 4.1
0.7 14.9
1.2 26.2
2.1 43.7
2.1 43,7

€0.1 0.5
1.1 23.7
0.5 10.2 .
0.1 1.2
0.1
<0.1 0.4
<0.1 0.9
6.1 ,134.6
1.5 31.8
0.9 18.5
0.8 17.1
0,9 19.6
0.3 7.2
3.3 71.0
1 3.0
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Appendix 7

¥ .
ESTIMATED PALEOFLOW CONDITIONS. UNDER WHICH CROSS STRATA FORMED

: a4
H = helght of planar cross strata (mean value along bed; em)

-
- '

8 = non-dimensional ield Bagnold bed shear stress n
Fr = Froude number; 1l: single number is convergent value
2 double numbeﬂ%, 1—-tl number is_higheSt-

4

Fr value g?tain by”changfhg'e. |
»nd number 1is estimate
T : Fr value from-equation 5-47.
u, = est}Lmate shear velocity. (em/sec) &,
"h¢ = estimate)mean depfh under: which cross strata formed (cm),

U =“estimate mean flow velocity under which the cross strata

formed (em/seg%

L

eH = 15.83 % -1.44 cm

g = .0.86i0).03 Lo ’

. 5.17 * 0.24 cm/sec Y77

u
h = 49,12 +-3.72 cm

<l
i

57.92 % 1,37 cm/see



-Appendix 7

ESTIMATED PALEOFLOW CONDITIONS UNDER WHICH CROSS STRATA FORMED

Sample
Code

10-3 (a)
10-3(b)

10-n

11.5
10.4
49
58

7.4

8.0

7.4

0.42

1.25

Fr
0.28

0.30

0.30/0.32

0,28

© 0.28/8.31

0.27

4.0

C 3.1

0.25/0.31/;?7

0.26/0.31 4.7 °

0.09/0.37 4.0

0.10/0.,37

4.0

- 23.7

. 30.5

48.2
20.8

49.7
60.2
77.1
46,2
29.6
568

36.0

-40.0 -

59.9
53.2
43,5

3g.2

64.9

73.9
39.3

53.2

"53.2

45,5
46.4 |
62.8

62.8

56.0

56.0



Sample
Code H
1i-a 20
ll-c 8.0
e 14,5
11l-e 3.0
11-f 3.0
bh,o
7.4
11-h 7.4
423
13-a 15
14-a 2.5°
16-a 0.8
7.4
12
16-b 12.3.
7.4
16-c 5.0

17-a 22Tk

23
45

17-b 14,
17-e 25.
18-a 30
19-a - 10,
l9-c/:} 25
23-a 20

8

1.25

"1.25

0.76
0.76
0.97
1.25
0.81
1.2
1.2
0/47

0.11
0.40
1.25
0.63
1.10
0.99

1.25

1.25
1.25
1.25
1.25
1.25
0.91
1.25

1.25

Fr

Uy

0.17/0.33 4.2

*1.25 0.25/0.30 4.2

0.15/0.32 3.3

0.27
0.27
0.28

0.23/0.30
©.0.30
0.30/0.31
0.24/0.32
0.26
0.22
0.22
0.25/0.31
0.31
s
0.30
0.28
0.21/0.34
0.23/0.34
0.16/0,36
0.27/0.32
0.21/0.34
oﬂzlkg;ii
0.31

0.23/0.34

AN

2.7
2.7
3.1
3.5
4.7
5.9
5.2
2.6,
1.4
S;M
4.8
6.7
4.5

3.5

6.1

6.1

6.6

0.30/0.33 7.6

L

h
‘60.2
24,1
43.6
11.0.-
11.0
11.8
22.3
25.6
37.0
45.1
12.2
5.7
37.7
36.1
36.1
20.4
154.5
77.3
69.2
135.4
by, 2
77.3
90,3
32.6
75.2

60.2

86

i
47.8
47.8
37.6

'32.4

e

34.9
39.4
55.
66.

E

.59.
33.
19,

67.
54,
54,
50.
38.
69.

69.2

O W W o R = o

[ B

69.2
66.0

69.0
74.7
64,2
74,7

85.8

gt b, pom o T
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Sample
‘Code *

24-q

C 27-a

27-b

28-a

30-a

31-a

31-b

31-c (1)
32-a
33-c
35-a

38-a

41l-a

42-a

47-c

47-4d

15

40

20.3
60.5
61

59

12

30

Y

0.37
1.03

1.25

Fr
0.32
0.20/0.35
0.28/0.35

0.28/0.38

0\13/0.37

0.16/0.37 -

0.17/0.37
0.24/0.35
p .
0.23/0.35
0.28
0.30
0.19/0.35
0.19/0.35
0.28
,0.20/0.34
0.29
0.31
0.17/0.37

0.30

. 0.31

0.21/0.35

Uy
6.8

7.2

7.0

7.0

7.2
7.2
4,1
4.6
5.9

5.7

3.6

6.9

6.4

41.5

120.4

60.2

61,1

183.0

" -183.0

180.5

35.7

45.8

56.0
20.7
33.9

. 90.3

81.8

66.9
76.8
87.6
46.8
65.5

2.2
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Sample
Code

48-a

48-¢e

48-f

48-h
52-a

52-¢

52-4
57-a

57-c¢

57-e

57-g

57-£
61-a '

61-b

6l-c

5.0
10
15
46
30
15
48
12.5
61

.10

48

-0,15/0,36

0.14/0.36

0.19(0.3

0.25%. 32

0.14/0,36

0.30/0.32

6.17/0.37 7.

0,27

0.18/0.36

.29
0.23/0,32
0.28/0.32

0.28
0.29/0,32

0.27

0.28

0.24Y0.33

"0.24/0.33

0.18/0.36

0.27

22.5
28.0

128.0

. 138.4

90.3

45.1

144.4°

22,8

144.4

19.4

al

48,5
59.5
59.5
66.0
64.8
61.7

61.7.

- 68.8

86.7

48.4
79.5

43.5



Sample
Code

6l-c
él—g

6l.h

61-1
61-1
61-1

61l-m

61-n

61-q
6l-s

61i-t

6l-u

61-w_/
}/_\

g

61l-x%

6l-y

61—a;
61-dd
61-£f
61-hh

61-33

O

-

1.25

o Fr Uy -

1.25 0.17/0.36 6.5

0.28 0.27 3.3
0.60 0.30 5.0
1.09 0.32 6.8

1.25 0.23/0.35 7.2
0.24 0.25 2.4
0.34 ° 0.26 2.6
1.25 0.23/0.34 6.4
0.37, 0.27 3.1

0.36 0.27 3.1

1.25 0.27/0.34 7.4

0.50

0.40

~1.25 0.18/0.33 5.7

0.42 0.28 3.8

1.25 0.17/0.36 6.6

0.86  0.31 5.5
0.36 0.28 3.7
0.40 0.28 4.2
0.48  0.28 4.0

‘1.25 0.27/0.32 5.8

0.20 0.28 2.7
0.12 0.24 2.1

0.22 0.26 2.8

1.25 0.29/0.32 6.7

~

144, 4
17.6
i) 30.6
41.5
90.3
11.4
12.7
72.2
15.6

15.7

33.4
46.6

20.4

90.3

22,7
144.4
31.4
20.9
25.5
24,7

45,1
13.1

74,9

81.8 .
30.4
33.4;
72.6

38.7

'39.'0

+83.8

63.0

47 .0

46,3
64.1
48.4
75.0
63.1

46.7

'52.5

50.4

65.7

34,6

27.6
36.1

75.2



Sample
Code

- 61-mm

6l-rrxr
401-1-f
401-1c-c

401-1lc-e

401-3-¢c
401-5-g

401-6-f

401-6-3

DW-1-a

DW-1-b

40

24

11

20

10.2
2.5

7.4

3

1.25

Fr

' -~
0.15/0.35

n.19/0.34
0.31/0.33
0.15/0.33
0.31
1 0.26
0.24/0.31
0.21/0.31
0.25

0.28/0.33

1.22<X 0.31,

1.25.

0.54

0.56

0.25/0.32
0.28

0.27

0.20/0.34 5.6

0.29
0.28
B8.26

0.27

b.4

3.7

2.8

120.4
72.2

34,5

14,2
16.6

14.4

J',Ii

90

56.8

61.1
48,8

36.4





